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Announcing... 


True 
High Build 
Vinyl Coating 


Amercoat 33HB now gives you 
even more “mils per 
—and the lowest cost 
any leading vinyl! 


last, the two major limitations 
vinyl protective 
adhesion and low film 
been largely overcome. Amercoat 
Primer stopped adhesion troubles, 
eliminated underfilm corrosion 
undercutting, and simplified surface 
preparation. Now Amercoat 33HB 
coat builds thick films fewer coats 
surprising savings. 

Amercoat 33HB “high-build” ver- 
sion Amercoat 33, the standard 
the protective coatings industry for 
over ten years. 33HB gives you the 
same high resistance corrosive chemi- 
cals, severe weathering and abrasion, 
plus 33% greater thickness per coat! 


The solids content 33HB tops all 
other non-mastic vinyl coatings, yet 
workable viscosity retained. applies 
smoothly and easily hot cold 
spray. need stock two types 
materials. 


New Lower Cost 


evaluating any coating, always look 
the cost per square foot, and the num- 
ber coats required build proper 
film thickness. 33HB nearly 24% 
cheaper per mil square foot than tra- 
ditionally low cost 33...and compared 
other leading vinyls, (see chart) 
savings are even greater. For example, 
although the gallon price Coating 
“C” 46% lower than 33HB, because 
its low solids content the actual 
material cost for mils thickness 
almost 30% higher than 33HB, and the 
applied cost, (labor and material) 
almost 90% higher. 


For the full story, send coupon for data 
33HB and detailed cost comparison 
the four coatings the chart. 


4809 Firestone Blvd. South Gate, Calif. 


AMERCOAT Corp. Dept. 
4809 Firestone Bivd. 


South Gate, 
Please send full information 
Amercoat 33HB 
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The Search For Things Come 


the proof 


lity 


the search develop new products and better processing 
techniques, TLC stands with the most progressive research- 
minded companies. the Research Department TLC, the 
standard question is, “How can make the product better?” 
the Laboratory, the answer is, “We can try this...” And the 
experiments continue. Out the brain-storming quest for solu- 
tions the problems making better product came the 
revolutionary automatic continuous baking oven the first major 
processing improvement years the lining oil field 
tubing. the laboratory, where the top research men 
the plastic lining business are continuing their day-after-day 
search, has come the maroon TLC, the hardest, toughest 
baked-on plastic lining yet developed. the plant, product con- 
trol checks are the responsibility TLC’s research men. Tests 
are made constantly production assure uniform high quality 
linings. Proven TLC, continues undergo comparative tests 
assure its constant superiority other used the linings 
oil field tubing. The result will better product, doing 
better job...and will come from Tubular Lining Corporation. 


TUBULAR LINING CORPORATION 


LARRY E. HEINEN, PRESIDENT 
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These Galvomag anodes give 25% more current 
than conventional magnesium anodes 


Two questions should asked anyone who planning 
use galvanic anodes protect well casings other 
underground equipment: 


(1) Which anode has the greatest throwing power? Galvo- 
mag® magnesium anodes deliver 25% higher current than 
conventional magnesium anodes—enough punch assure 
adequate protection high-resistivity soils. 

(2) Which anode will the job with the fewest units? 


Again, the answer Galvomag. The extra current supplied 
these high-potential anodes means four will the job 
five ordinary anodes normal soils. Net result: lower 
installation and replacement costs. 


Any the Dow magnesium anode distributors listed below 
can give you more information. Contact the one nearest you 
write directly us. THE DOW CHEMICAL COMPANY, Mid- 
land, Michigan, Department 


Call the distributor nearest you: Cathodic Protection Service, Houston, Texas Corrosion Services, Inc., Tulsa, Oklahoma Electro 
Rust-Proofing Corp. (Service Division), Belleville, Ets-Hokin Galvan, San Francisco, Calif. The Harco Corp., Cleveland, 
Ohio Royston Laboratories, Blawnox, Penna. Stuart Steel Protection Corp., Plainfield, The Vanode Co., Pasadena, Calif. 
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charged from holiday detector which 
equipment. The multiple spark resulted 
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100% the web for electrical 
assures better field results. See Page 123 
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Centrifugal Castings for 
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Does your Cylindrical problem call for 


your product plans call for hollow 
cylindrical parts, give some thought 
these facts. Manufacturers who 
had never seriously considered cast 
parts before are discovering im- 
portant advantages Sandusky 
centrifugal castings. 

They’re getting exceptional re- 
sistance heat, corrosion, abrasion 
and stress, through the use spe- 
cial alloys cast centrifugally ... 
diameters from 54”, and 
lengths feet depending 
diameter specially machined 


Centrifugal solution? 


How can our versatile staff and 
facilities help you? Tell your 
product requirements. Let ex- 
plore your ideas. Perhaps can 
help solve your cylindrical prob- 
lems through the vast foundry 
experience, metallurgical re- 
search and machining skills our 
years offer. 

Your request will bring more 
information promptly or, 
you prefer, personal call 
one our engineers. Sandusky 
Foundry and Machine Company— 
Sandusky, Ohio. 


See Our Booth #1339 at the Design Show 


Sandusky centrifugal 
castings offer you 
important advantages: 


SUPERIOR non- 
directional mechanical properties 
BETTER QUALITY — machined castings 
are porosity-free 

UNIFORM harmful inclu- 
sions are forced out spinning motion 
JOB-READY FINISHED CASTING—reach 
you machined exactly to your specifica- 
tions . . . eliminating extra costs from 
rejects, down-time, loss of production, etc. 


Sandusk Centrifugal Castings 


Stainless steels—plain carbon and low alloy steels—wide variety copper base compositions 
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E. Cc. Greco, Chairman; 
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Chairmen of T-1 through 

T-9 also are members of 

this committee 


and Gas Well 


Equipment 


Jack L. Battle, Chairman; 
Humble Oil & Refining Co., 
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Pipe Line 
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W. H. Stewart, Chairman; Sun 
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L. P. Sudrabin, Vice Chairman, 
Electro Rust-Proofing Corp., 
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H. W. Wahlquist, Chairman; 
Ebasco Services, Inc., 2 Rec- 
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H. A. Robinson, Chairman, The 
Dow Chemical Co., Midland, 
Mich. 
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Currents 

T. J. Maitland, Chairman; 
American Telephone & Tele- 
graph Co., 32 Avenue of the 
Americas, New York 13, N.Y. 

J. S. Dorsey, Vice Chairman; 
Southern California Gas Co., 
Box 3249, Terminal Annex, 
Los Angeles 54, Cal. 

L. A. Hugo, Secretary; Engi- 
neering Department, Phillips 
Petroleum Co., Bartlesville, 
Okla. 

Sources 
Impressed Current 
for Anodes 

M. J. Olive, Chairman, Arkan- 
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F. I. Dorr, Jr., Chairman, 
Dorr Engineering, Inc., 4626 
Ingersoll, Houston, Texas 

Use High Silicon 
Cast Iron for Anodes 


W. L. Seull, Chairman, Colo- 
rado Interstate Gas Co., Box 
1087, Colorado Springs, Colo. 


Palladium, ete. for 
Anodes 

R. B. Teel, Chairman, The In- 
ternational Nickel Co., Ine., 
Box 262, Wrightsville Beach, 

T-2C Minimum 

quirements 


R. M. Wainwright, Chairman, 
Good-All Electric Mfg. Co., 
Ogallala, Nebraska. 

Paul T. Miller, Vice Chairman; 
The Texas Pipe Line Co., 
Box 647, Almeda, Texas. 


T-2D Standardization Pro- 
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Pipe Coating Leakage 
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Marshall E. Parker, Chairman; 
Cormit Engineering Co., 717A 
M&M Building, Houston, Texas 

L. F. Heverly, Vice Chairman, 
2210 West High Street, 
Lima, Ohio 


Short Insulated 
Sections Low 
Conductance 

Marshall E. Parker, Jr., Chair- 

man (see T-2D) 

Inaccessible 
Locations, Such 
Water Crossings 


H. V. Beezley, Chairman, 
United Gas Pipe Line Co., 
Box 1407, Shreveport, La. 


Parallel Lines 


L. A. Hugo, Chairman, Phillips 
Petroleum Co., Bartlesville, 
Okla, 


Committees 


Pipe Observed 
Current Field 


Chairman, 
Ebasco Services, Inc., 2 Rec- 
tor St., New York, N. Y. 


Internal Corrosion 
Product Pipe Lines and 
Tanks 


Ivy M. Parker, Chairman, 
Plantation Pipe Line Co., 
Box 1743, Atlanta, Georgia. 


A. W. Jasek, Vice Chairman, 
Humble Pipe Line Co., Drawer 
2220, Houston, Texas. 


Corrosion 
Crude Oil Pipe Lines 
and Tanks 

(Election Being Held) 


Coal Tar Coatings for 
Underground Use 
T. P. Kelly, Chairman, 


Mavor-Kelly Co., 660 M & M 
Building, Houston 2, Texas. 


W. F. Fair, Jr., Vice Chairman, 
Koppers Co., Inc., Tar Prod- 
ucts Div., Tech. Serv., 15 Plum 
St., Verona, Pa. 


T-2H Asphalt Type Pipe 
Coatings 


Austin S. Joy, Chairman, 
Brumley-Donaldson Co., 3050 
East Slauson Avenue, Hunt- 
ington Park, Cal. 


P, E. Reynolds, Vice Chairman, 
Pacific Gas & Electric Co., 
245 Market St., San Fran- 
cisco, California, 


sify Environmental 
Conditions 

(see chairman T-2H) 


Criteria for 
Reporting and Evalu- 
ating Underground 
Coatings 

(see chairman T-2H) 


Specifications 
(see chairman T-2H) 


T-2H-4 Internal Pipe 
Treatment Specifications 


F. B. Burns, Chairman, Kerr- 
McGee Oil Industries, Inc., 
Box 125, Wynnewood, Okla. 


Wrappers for Under- 
ground Pipe Line 
Coating 

Clark A. Bailey, Chairman, 

Johns-Manville Sales Corp., 


22 East 40th St., New York 
16, N. 


O. W. Wade, Vice Chairman, 
Transcontinental Gas Pipe 
Line Corp., Box 296, Hous- 
ton, Texas. 


Asbestos Felt 


Pp. A. Meyer, Chairman, Nico- 
let Industries, Inc., 70 Pine 
St., New York, N. Y. 


Glass Wrap 


E. J. Pennell, Chairman, 
Owens-Corning Fiberglas 
Corp., 902 American Airlines 
Bldg., Tulsa, Okla. 


Base 
Outer Wrap 


F. B. Burns, Chairman, Kerr- 
McGee Oil Industries, Inc., 
Box 125, Wynnewood, Okla. 


(Continued on Page 8) 
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You Can’t Patch You Can’t Find 


CORROSION 


These Electrical Detectors Show 
Weak Spots Protective Coatings 


Portable, pack-type, all-purpose, holiday detector with wet- 
cell battery output adjustable from 2500 20,000 volts D.C. 
Inspection electrodes for pipe sizes 30-in. diam. also 
steel brush for surface checking. E-4 checks dry surfaces only. 


Holiday detector similar E-4 but suitable for testing either 
wet dry surfaces. The best general-purpose holiday detec- 
tor made. Comes sturdy carrying case with battery charger. 


Pipeline “Jeep” for field testing wrappings and field joints 
transmission pipelines 36-inch diameter. Fully port- 
able. Has own power supply. generator needed. Creates 
working voltage 12,000 15,000-v. Not hot spark. trailing 
ground wire. Virtually shockproof. Snap-off electrode. 


Belt-mounted inspection instrument weighing but lbs. Wand 
holds cellulose sponge which dampened with plain water. 


When wiped over any painted coated surface mils 417 Agostino Rd. (P. Box 281) Phone: 7-7942, SAN GABRIEL, CALIFORNIA 


thick will signal pinholes breaks bell signal. 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


BEAT NATURE PUNCH 


Your protective coatings metal are only 
good their weakest points. Nature will seek out pin-holes 
and thin spots caused air bubbles, dirt, coke rust 
the protective coating. safe and check pipe other 


painted surfaces before putting them into severe service. 
Tinker Rasor electrical detector can quickly find the 
weak spot your coating—wet dry. can rapidly 
and efficiently and without physical damage the coating 
any way. There Holiday Detector for every 
surface testing job each fully guaranteed. 


Write for data, costs, specifications. Inquiries receive 


prompt attention. 


BOB HERRICK, Rentals Service, Harrisburg, Pa. Phone 6-5263 


DISTRIBUTORS: Remco Mfg. Co., Inc., Tulsa, Crutcher-Rolfs Cummings, Houston, Texas; Line Preducts, Elizabeth, New Jersey; Canadian Equipment Sales Service, Edmonton, Alberta 
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Rag Felt 


L. 8. Parker, Chairman, Pabco 
Industries, 475 Brannan St., 
San Francisco, Calif. 


Rock Shield 


W. T. Ferrell, Chairman, 
Philip Carey Mfg. Co., Lock- 
land, Cincinnati 15, Ohio 


Prefabricated Plastic 
Film for Pipe Line 
Coating 

J. J. Wise, Chairman; Arkan- 


sas-Louisiana Gas Co., Box 
1734, Shreveport, La. 


H. D. Segool, Vice Chairman; 
The Kendall Company, Poly- 
ken Sales Division, 309 West 
Jackson Blvd., Chicago, III. 


Standards 


H. D. Segool, Chairman. 


Research and 
Development 

H. A. Hendrickson, Chairman; 
Minnesota Mining & Mfg. 
Co., 900 Fauquier St., St. 
Paul, Minn. 


History and 
Results 
F. E. Costanzo, Chairman; 


“Manufacturers Light & Heat 
Co., Pittsburgh, Pa. 


GENERAL 


A. H. Roebuck, Chairman; 
Production Research Divi- 
sion, Continental Oil Co., 
Ponca City, Okla. 


T-3A Corrosion Inhibitors 

S. K. Coburn, Chairman; Asso- 
ciation of American Rail- 
roads, 3140 South Federal 
St., Chicago, Ill. 


L. C. Rowe, Vice Chairman; 
Research Staff, General 
Motors Corp., Box 188, North 
End Station, Detroit 2, Mich. 


the Action Corrosion 
Inhibitors 

W. W. Sweet, Chairman; Re- 
search & Development Dept., 


Colgate Palmolive Co., 106 
Hudson St, Jersey City, N. J. 


T-3A-2 Methods Test- 
ing Screening Corrosion 

(Chairman to be Selected) 


T-3A-3 Materials Avail- 
able for and Application 
Corrosion Inhibitors 


Lyle Timm, Chairman; Sharples 
Chemicals, Inc., Box 151, 
Wyandotte, Mich, 


T-3B Corrosion Products 


A. H. Roebuck, Chairman, Pro- 
duction Research Division, 
Continental Oil Company, 
Ponca City, Okla. 


D. A. Vaughan, Vice Chairman, 
Battelle Memorial Institute, 
505 King Avenue, Columbus, 
Ohio. 


Directory NACE Technical 


Annual Losses Due 
Corrosion 

F. N. Alquist, Chairman, The 
Dow Chemical Co., Bldg. 438, 
Midland, Michigan. 

S. K. Coburn, Vice Chairman, 
Association of American Rail- 
roads, 3140 S. Federal St., 
Chicago, Ill. 


for 
uring Corrosion 

E. H. Thalmann, Chairman; 
Ebasco Services, Inc., 2 Rec- 
tor St., New York, N. Y. 

F. W. Ringer, Vice Chairman; 
7 Hampden Ave., Narberth, 
Pa. 


Electrical Holiday 
Inspection Coatings 

W. A. Broome, Chairman, 
Arkansas-Louisiana Gas Co., 
Slattery Building, Shreve- 
port, Louisiana 


Railroads 


L. J. Nicholas, Chairman, The 
Pullman Company, 701 East 
114th Street, Chicago 28, Ill. 

G. M. Magee, Vice Chairman, 
Assoc, American Railroads, 
3140 South Federal Street, 
Chicago, Ill. 


Corrosion 
Railroad Tank Cars 

J. R. Spraul, Chairman, Gen- 
eral American Transportation 
Corp., 150 West 15l1st Street, 
East Chicago, Ind. 

Cc. M. Jekot, Vice Chairman; 
DeSoto Paint & Varnish Co., 
P. O. Box 186, Garland, 
Texas, 

L. R. Honnaker, Vice Chair- 
man, Engineering Materials 
Group, Eng. Dept., E. I. du 
Pont de Nemours & Co., Inc., 
13W10 Louviers Bidg., Wil- 
mington, Del. 


Corrosion 
Railroad Hopper Cars 

Cc. L. Crockett, Chairman; 
Norfolk and Western Rail- 
way, Motive Power Dept., 
Roanoke, Va. 


T-3F Corrosion High 
Purity Water 

R. U. Blaser, Chairman; Re- 
search Center, Babcock & 
Wilcox Co., Box 835, Alli- 
ance, Ohio. 

J. F. Eckel, Vice Chairman; 
Dept. of Metallurgical Engi- 
neering, Virginia Polytechnic 
Institute, Blackburg, Va. 


Facilities for 
Production High 
Purity Water 


F. N. Alquist, Chairman, The 
Dow Chemical Company, 
Midland, Mich. 


Inhibitors 

R. C. Ulmer, Chairman, Com- 
bustion Engineering Co., 200 
Madison Avenue, New York, 
N. Y. 


Corrosion Products 


R. U. Blaser, Chairman, Bab- 
cock & Wilcox Co., Alliance, 
Ohio 


General Corrosion 
Problems 


V. J. Payton, Chairman, Com- 
monwealth Edison Co., 72 
W. Adams St., Chicago, IIl. 
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Declassification 

J. L. English, Chairman, Oak 
Ridge National Lab., Box P, 
Oak Ridge Tenn. 


Intercommittee 
Activities 

E. P. Partridge, Chairman, 
Hall Labs., Inc., Box 1346, 
Pittsburgh, Pa. 


Bibliography 

A. H. Roebuck, Chairman, 
Production Research Div., 
Continental Oil Co., Ponca 
City, Oklahoma 


Cathodic Protection 

T. P. May, Chairman, The In- 
ternational Nickel Co., Inc., 
67 Wall St., New York, N. Y. 


Cathodic Protec- 
tion Hull Bottoms 
Ships 

L. P. Sudrabin, Chairman, 


Electro Rust-Proofing Corp., 
Box 178, Newark, New Jersey. 


Cathodic Protec- 
tion Heat Exchangers 


R. B. Teel, Chairman, The In- 
ternational Nickel Co., Inc., 
Box 262, Wrightsville Beach, 
N.C. 


Cathodic Protec- 
tion Process Equipment 


A. A. Brouwer, Chairman, The 
Dow Chemical Co., Midland, 
Michigan. 


Tanker Corrosion 


W. S. Quimby, Chairman: Res. 
& Tech, Dept., The Texas 
Company, Box 509, Beacon, 
New York. 


UTILITIES 


Irwin C. Dietze, Chairman, 
Dept. of Water & Power, Box 
3669, Terminal Annex, Los 
Angeles, Calif. 

E, P. Teale, Vice Chairman; 
American Telephone & Tele- 
graph Co., 801 19th Street, 
Room 720, Washington 6, 


Effects Electrical 
Grounding Corro- 
sion 


T. R. Stilley, Chairman; Good- 
All Electric Mfg. Co., Good- 
All Bldg., Ogallala, Neb. 


Recommendations 
for Materials Used 
for Electrical Grounding 
Reduce Corrosion 


(Appointment of chairman 
pending) 


Recommendations 
for Grounding Private 
Premises 

Irwin C. Dietze, Chairman, 
Dept. of Water & Power, 

Box 3669, Terminal Annex, 
Los Angeles, Calif. 


Corrosion Cable 
Sheaths 


T. J. Maitland, Chairman, 
American Telephone & Tele- 
graph Co., 32 Avenue of the 
Americas, New York, N. Y. 

H. M. Clayton, Vice Chairman; 
Memphis Gas, Light and 
Water Div., Box 388, Mem- 
phis, Tenn. 


Committees 


Lead and Other 
Sheaths 


T. J. Maitland, Chairman, 
American Telephone & Tele- 
graph Co., 32 Avenue of the 
Americas, New York 13, New 
York. 


Cathodic 
Protection 
J. J. Pokorny, Chairman, 
Cleveland Elec, Illuminating 


Co.. 75 Public Sq., Cleveland 
1, Ohio. 


T-4B-3 Tests and Surveys 

D. R. Werner, Chairman, 
American Telephone & Tele- 
graph Co., 324 East 11th 
Street, Room 1701, Kansas 
City, Mo, 

H. M. Clayton, Vice Chairman, 
Memphis Gas, Light and 
Water Div., Box 388, Mem- 
phis, Tenn. 


Type Cables 
H. W. Dieck, Chairman, Long 
Island Lighting Company, 175 
Old Country Road, Hicks- 
ville, New York. 


J. B. Prime, Jr., Vice Chair- 
man, Florida Power & Light 
Co., Box 3100, Miami, Florida, 


Non-Metallic 
Sheaths and Coatings 
G. H. Hunt, Chairman, Simplex 
Wire & Cable Co., 79 Sidney 


St.. Cambridge 39, Massachu- 
setts. 


Cc. L. Mercer, Vice Chairman, 
Southwestern Bell Tel. Co., 
Box 58, Westfield, Texas 


Stray Current 
Electrolysis 

Svetlik, Chairman, Northern 
Indiana Public Service Co., 


5265 Hohman Ave., Ham- 
mond, Indiana, 


G. H. Cantwell, Vice Chairman, 
Indiana Bell Telephone Co., 
240 N. Meridian St., Indian- 
apolis, Indiana. 


T-4D Corrosion Deicing 
Salts 
D. W. Kaufmann, Chairman, 
International Salt Co., 


638 Marine Trust Bldg., Buf- 
falo, New York. 


W. H. Bruckner, Vice Chair- 
man, University of Illinois, 
Urbana, Illinois. 


Procedures for 
Field Tests 
Below Ground 

F. E. Kulman, Chairman, Con- 

solidated Edison Co. of New 


York, Inc., 4 Irving Place, 
New York, N. Y. 


Coordination 
Field Programs Between 
Cities and Transportation 
Companies 

George Illig, Chairman, Cal- 


gon, Inc., 323 Fourth Ave., 
Pittsburgh, Penn, 


T-4E Corrosion Domestic 
Waters 


T. E. Larson, Chairman, IIli- 
nois State Water Survey, Box 
232, Urbana, Illinois, 


‘Continued on Page 10) 


May, 


150 LB. 
yoke con 
ids. Two 
net Casti 
Flanged 


Tip: 


High 
these cor 
When 
corrosive 
Valves 
costly val 
this 
struction. 
fluid 


ALOYCO 
acid con 
indica 


7 

4 
4 

3 

— 

: 

4 

_ 
| 
«TEMP. 
4 180 
: 146 


screwed ends. 


Tips selecting val 
combat oxidizing solutions 


High chromium and chromium-nickel stainless steels are the best alloys for 


these corrosive applications. 


150 LB. ALOYCO GLOBE VALVE features bolted bonnet, and outside screw and 
yoke construction which keeps stem threads out contact with corrosive flu- 
ids. Two piece gland plates and followers. Sound, heavy section body and bon- 
net castings. Stainless bolts. Heavy finished stem. Renewable yoke bushing. 


ves 


When exposed oxidizing solutions they form protective films which restrain 
corrosive attack. Aloyco 18-8S and Aloyco are good examples. 
Valves should constructed that slight wear corrosion require 
costly valve replacement. Renewable seats discs shown above are one answer 
this problem. are deep stuffing boxes and outside screw and yoke con- 
struction. And, course, all valve parts that come contact with the corrosive 


fluid should alloy steels. 


220 
180 APPLICATION 
CORROSION TEST TO : 
160 DETERMINE SUITABILITY 
005”/YR (5 MILS/YR.) 
120 
SATISFACTORY 
APPLICATION EXPERIENCE 


PER CENT WEIGHT 


ALOYCO provides high order corro- 
resistance wide range sulfuric 
icid concentrations varied temperatures 


indicated the graph above. 


6.18 


packing rings are also used deep stuffing box. 


ALOYCO STAINLESS STEEL 18- (type 304) suited 
for resistance oxidizing solutions. also lends itself 
innumerable other applications prevent product con- 
tamination discoloration. Aloyco (type 
316), molybdenum added increase resistance attack 


pitting. 


ALOYCO TECHNICAL SERVICE includes engi- FURTHER INFORMATION Aloyco cor- 
neering counsel, metallurgical assistance valves, write Alloy Steel 
field service. Samples are being prepared West Elizabeth Ave- 


plant line test above. 


nue, Linden, New Jersey. 


RENEWABLE TEFLON DISC fully retained disc holder 
that even heavy overloads can’t force out place. Ma- 
chined seating surface assures wide full contact with disc 
and protects against distortion. Teflon V-type chevron 
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T-4F Materials Selection for 
Corrosion Mitigation 
the Utility Industry 

F. E. Kulman, Temporary 

Chairman, Consolidated Edi- 
son Co. of New York, Inc., 


4 Irving Place, New York, 
nN. 


Materials Selec- 
tion the Water Industry 


Daniel Cushing, Chairman, 148 
State St., Boston, Massachu- 
setts. 


Materials Selec- 
tion the Industry 


Corrosion 

Problems the 
Process 


rn. I. Zimmerer, Chairman; 
Petro-Tex Chemical Corp., 
Box 2584, Houston, Texas. 


T-5A Chemical Manufactur- 
ing Industry 


Officers being Elected 


Acid 


W. A. Luce, Chairman, The 
Duriron Co., Box 1019, Day- 
ton, Ohio. 


Acetic Acid 


H. O. Teeple, Chairman, The 
International Nickel Co., Inc., 
67 Wall St., New York, New 
York. 


L. W. Gleekman, Chairman; 
Wyandotte Chemicals Corp., 
1609 Biddle Ave., Wyan- 
dotte, Mich, 


Acid 


J. L. English, Chairman, Oak 
Ridge National. Laboratory, 
Box P, Oak Ridge, Tenn. 


W. H. Burton, Vice Chairman, 
General Chemical Division, 
Allied Chemical & Dye Corp., 
Camden, New Jersey. 


Corrosion 


T. L. Hoffman, Chairman, Phil- 
lips Petroleum Co., Atomic 
Energy Div., Box 1259, Idaho 
Falls, Idaho. 


T-5B High Temperature 
Corrosion 
E. N. Skinner, Chairman; The 


International Nickel Co., Inc., 
67 Wall St., New York, N. Y. 


J. L. McPherson, Vice-Chair- 
man; 427 Murdock Ave., 
R.F.D. 2, Library, Pa. 


Oil Ash Corrosion 


R. T. Foley, Chairman, General 
Electric Co., Schenectady, 
New York. 


Corrosion 
Molten Salts and Metals 
W. D. Manly, Chairman, Oak 


Ridge National Laboratory, 
Oak Ridge, Tennessee. 


Cooling 
Waters 
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Corrosion 
Cooling Waters 
(South Central Region) 


Cc. P. Dillon, Chairman; Car- 
bide & Carbon Chemicals 
Co., Texas City, Texas 


M. Brooke, Vice Chairman; 
Phillips Petroleum Co., 
Sweeny Refinery, Sweeny, 
Texas, 


W. W. Wheeler, Secretary; 
Rohm & Haas, Box 672, 
Pasadena, Texas 


T-5D Plastic Materials 
Construction 


S. W. MclIlrath, Chairman, 151 
East 214th St., Euclid, Ohio. 


R. E. Gackenbach, Vice-Chair- 
man; American Cyanamid 
Co., Organic Chemical Div., 
Bound Brook, N. J. 


Questionnaires 


S. W. MclIlrath, Chairman, 151 
E. 214th Street, Euclid 23, 
Ohio. 


Acids 


R. L. Hughes, Chairman, 
Spencer Chemical Co., 1231 
Woodswether Rd., Kansas 
City, Missouri. 


J. F. Malone, Secretary, B. F. 
Goodrich Chemical Co., 2060 
East Ninth Street, Cleveland 
15, Ohio. 


Inorganic Alkalies 


Peter Kimen, Chairman, Cham- 
pion Paper & Fibre Co., Box 
872, Pasadena, Texas. 

L. B. Connelly, Secretary, East- 
man Chemical Products Com- 
pany, 704 Texas National 
Bank Building, Houston 2, 
Texas, 


Gases 


Beaumont Thomas, Chairman, 
Stebbins Eng. & Mfg. Co., 
Eastern Blvd., Watertown, 
New York. 


J. L. Forse, Vice Chairman, 
Dow Chemical Company, 
Plastics Technical Service, 
Midland, Michigan. 


William Eakins, Secretary, 
Chemical Corporation, Pla- 
tank Division, West Warren, 
Massachusetts. 


Water and Salt 
Solutions 


Paul Elliott, Chairman, Nauga- 
tuck Chemical Company, 
Kralastic Development, 
Niugatuck, Conn, 


1-5D-6 Organic Chemicals 

B. B. Pusey, Vice-Chairman, 
Bakelite Co., Div. of U.C.C., 
Bound Brook, New Jersey. 

Wade Wolfe, Jr., Secretary, 73 
Ermann Drive, Buffalo 17, 
New York, 


Engineering Design 


O. H. Fenner, Chairman, Mon- 
santo Chemical Company, 
1700 South Second Street, St. 
Louis 4, Missouri. 


K. A. Phillips, Vice-Chairman, 
American Zinc, Lead & Smelt- 
ing Co., P. O. Box 495, East 
St. Louis, Illinois. 

W. B. Meyer, Secretary, St. 
Louis Metallizing Co., 625 
South Sarah, St. Louis 10, 
Missouri. 


Methods and Cri- 
teria for Evaluating Plas- 
tics Chemical Environ- 
ment 


R. F. Clarkson, Chairman, Olin 
Mathieson Chemical Corp., 
Mathieson Building, Balti- 
more, Md. 

R. Lembcke, Secretary, Cities 
Service Kes. & Dev. Co., 920 
East Third, Tulsa 3, Okla- 
homa. 


Stress Corrosion 
Cracking Austenitic 
Stainless Steel 

L. Miller Rogers, Chairman, 

Union Carbide & Carbon 
Chemical Co., Box 471, Texas 
City, Texas. 

E. V. Kunkel, Vice Chairman; 

Celanese Corp., Box 428, 
Bishop, Texas 


Protective 
Coatings 


L. S. Van Delinder, Chairman; 
Carbide & Carbon Chemicals 
Corp., South Charleston, W. 
Va. 


T-6A Organic Coatings and 
Linings for Resistance 
Chemical Corrosion 

Cc. G. Munger, Chairman; 

Amercoat Corp., 4809 Fire- 
stone Blvd., South Gate, Cal. 

J. I. Richardson, Secretary; 

Amercoat Corp., 4809 Fire- 
stone Blvd., South Gate, Cal. 


Heavy Linings 


H. C. Klein, Chairman, B. F. 
Goodrich Co., Cuyahoga Falls, 
Ohio, 


T-6-2 Vinyl Coatings 


K. Tator, Chairman, 2020 Mon- 
tour Street, Coraopolis, Pa. 


Vinylidene 
Chloride Polymers 


R. L. Brown, Chairman, The 
Dow Chemical Co., Midland, 
Mich. 


Phenolics 

Forest Baskett, Chairman; 
Sheet Metal Engineers. Inc., 
Box 9094, Houston 11, Texas. 


T-6A-5 Polyethylene 


L. S. Van Delinder, Chairman, 
Carbide & Carbon Chemicals 
Co., South Charleston, West 
Va. 


T-6A-6 Rubber and 
Elastomers 
H. C. Klein, Chairman, B. F. 


Goodrich Co., Cuyahoga Falls, 
Ohio. 


T-6A-7 Silicones 


R. McFarland, Jr., Chairman, 
Hills-McCanna Co., 3025 N. 
Western Ave., Chicago, IIl. 


Methyacrylates 


T-6A-9 Furanes 


Forest Baskett, Chairman; 
Sheet Metal Engineers, Inc., 
Box 9094, Houston 11, Texas. 


Polyesters 


D. D. Cone, Chairman; Insul- 
Mastic Corp. of America, 
a W. 61st Place, Summit, 
Ill, 


Committees 


T-6A-11 Epoxys 

Cc. G. Munger, Chairman, 
Amercoat Corp., 4809 Fire- 
stone Blvd., South Gate, Cal, 


L. A. Ferris, Chairman, E. I. 
Du Pont de Nemours & Co., 
Inc., Wilmington, Delaware. 


Rubbers 


F. K. Shankweiler, Chairman, 
Hercules Powder Co., 9th 
= Market St., Wilmington, 

el, 


Organic-Brick 
Covered 
R. W. Hall, Chairman, Steb- 


bins Engr. & Mfg. Co., 363 
Blvd., Watertown, 


T-6A-15 Rigid 


Cc. G. Munger, Chairman, 
Amercoat Corp., 4809 Fire- 
stone Blvd., Southgate, Calif. 


Bituminous 


c. U. Pittman, Chairman, 
Koppers Co., Inc., Tar Prod- 
ucts Div., Tech. Dept., Box 
128, Verona, Pa. 


T-6A-17 Polyurethanes 


O. H. Fenner, Chairman, Mon- 
santo Chemical Co., 1700 8S. 
Second St., St. Louis, Mis- 
souri 


Hypalon 


J. R. Galloway, Chairman, E. 
I. DuPont de Nemours & 
Co., Inc., 1100 E. Holcombe 
Blvd., Houston, Tex. 


T-6B Protective Coatings for 
Resistance Atmos- 
Pheric Corrosion 

Howard C. Dick, Chairman, 

Products Research Service, 
Inc., Box 6116, New Orleans, 
R. S. Freeman, Vice-Chairman; 
Cities Service Refining Corp., 
Box 1562, Lake Charles, La. 


Linseed and Other 
Drying Oils 

Joseph Bigos, Chairman, Ap- 
plied Research Laboratory, 


United States Steel Corp., 
Monroeville, Penn, 


Ester Gum Oil 


R. L, Liston, Chairman, Cook 
Paint & Varnish Co., Box 
3088, Houston, Tex, 


T-6B-3 Straight Phenolic 
Varnish 

John W. Nee, Chairman, 
Eriner Paint Mfg. Co., 3713 


Agnes St., Corpus Christi, 
Texas 


Modified Phenolic 
Oil Varnish 


John W. Nee, Chairman 


Straight Alkyd 
Varnish 

G. G. Sward, Chairman, Na- 
tional Paint, Varnish & Lac- 
quer Association, 1500 Rhode 


Island Ave., Washington, 


Modified Alkyd 
Varnish 


G. G. Sward, Chairman 


Epoxy Esters 
Fred McDougal, Chairman, 


Shell Oil Co., Box 193, New 
Orleans, La. 


(Continued on Page 12) 
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how 


CUT CORROSION LOSSES 


report Koppers Company, Inc. 


Since the security multi-million dollar 
investment stake, preventing corrosion 
buried steel pipelines extremely im- 
portant. this field the decisions made 
corrosion-prevention practice the de- 
sign phase are irrevocable—and can prove 
tremendously expensive wrong. 

* 

Hot applied coal tar enamels have been 
traditionally the primary part the protec- 
tion system pipelines. recent years, 
Dr. Fair, Jr. cathodic protection has become widely ac- 

Corrosion Consultant cepted supplement coatings. 

Enamels must now judged much their value long-term 
insulating materials their ability prevent corrosion. 

* * 

The best clue coating’s performance its ability resist penetra- 
tion water. this inherent characteristic that determines coating 
material’s performance underground, with without supplementary 
cathodic protection. coating absorbs water, provides decreased 
resistance the flow electric current between pipe and soil which 
part the corrosion process. Ultimately, water absorption leads coat- 
ing deterioration, which exposes bare pipe. conjunction with cathodic 
protection, the coating system’s most important function that 

long-lasting electrical insulator that impressed current requirements 
Concrete Too, under the at- are kept minimum. Here too, coating system’s resistance water 


Holiday Detection important step 
coating job before goes below 
But it’s after the line laid that 
real test how well the coating mate- 
will withstand the attack water and 
soil chemicals begins. That’s why coal-tar 
used most important pipe- 
has proved its ability provide 
long-term protection pipeline investment. 


tack penetration determines its performance. Actual pipeline operating ex- 
perience has shown that the cost differential between maintaining 
cathodic protection well and poorly insulated lines can amount 


having its new sewer line protected, in- 
side and out, with two coats Bitumastic 
Super Service Black. 


hundreds thousands dollars yearly. 
* 

Independent laboratories and industrial researchers have expended 
considerable time and effort determining water absorption rates 
protective coatings. Long-term tests have demonstrated, without excep- 
tion, that coal-tar enamels have the highest resistance water absorp- 
tion among protective coating materials commercially available today. 

The key coating’s ability resist water absorption seems de- 
pend the inherent molecular structure the base material. The 
relative performance number coatings these various tests in- 
dicates that coating impermeability depends upon aromatic content. 
Coal tar enamel binders with aromatic content excess 90%, 
show excellent water resistance all tests while less aromatic materials 
show comparably poorer performance. Materials high paraffinic con- 
New Bulletin describing the important role tent have been shown leach under extended immersion. 
sion available. Request your copy audio-visual meeting presentation discussing this important sub- 
coupon below. ject detail available. you are interested having group-showing 

this material—which includes sound film—please address your in- 


quiries “How Long Should Pipeline Last?,” Koppers Bldg., Pitts- 
Koppers Company, burgh 19, Pa. Koppers District Offices: Boston, Chicago, Los 
Angeles, New York, Pittsburgh and Woodward, Ala. Canada: 
Koppers Products, Ltd., Toronto, Ontario, and Edmonton, Alberta. 
Corrosion.” 
Name 
Company 
KOPPERS 
Address REG. PAT. OFF. 
COATINGS AND ENAMELS 


7 
q 
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T-6B-8 Epoxy (Amine 
Cured) 


Earl Gould, Chairman, Conti- 
nental Oil Co., Harvey, La. 


Rubber 


Ctto Grosz, Chairman, The 
California Co., Box 128, Har- 
vey, La, 


Vinyls 

R. M. Robinson, Chairman, 
Continental Oil Co., Maritime 
Bidg., New Orleans, La. 


Metallic Silicates 

L. L. Miner, Chairman, Amer- 
coat Corp., Box 9016, Hous- 
ton, Tex. 


Tar 

M. Mitchell, Chairman, Reilly 
Tar & Chem. Co., 1616 Mer- 
chants Bank Bldg., Indian- 
apolis, Ind. 


Asphalt 

Cc. C. Allen, Chairman, Ander- 
son-Pritchard Oil Co., 1000 
Liberty Bank Bldg., Okla- 
homa City, Okla. 


New 
Developments 


Joe Rench, Chairman, Napko 
Corp., Box 14126, Houston, 
Tex. 


Protective Coatings for 
Resistance Marine 
Corrosion 

Officers being Elected 


T-6D industrial Maintenance 
Painting 
J. C. Coffin, Chairman, The 
Dow Chemical Company, 
Bldg. 298, Midland, Mich. 
R. S. Freeman, Vice Chairman, 
Cities Service Refining Cor- 
poration, Box 1562, Lake 
Charles, La. 


Economics 
Maintenance Painting 
Ss. L. Lopata, Chairman, Car- 


boline Co., 331 Thornton 
Ave., St. Louis, Mo. 


Standardization 
Scope Painting 
Specifications 

L. L. Sline, Chairman, Sline 
Industrial Painters, 2162 


Gulf Terminal Dr., Houston, 
Tex. 


Paint Programs 

R. H. Bacon, Chairman, The 
Dow Chemical Co., Freeport, 
Tex. 


Protective Coatings 
Petroleum Production 


F, T. Rice, Chairman, The Pure 
Oil Co., 35 E, Wacker Drive, 
Chicago, Ill. 

Dial, Jr., Vice-Chairman; 
The Pure Ofl Co., Box 239, 
Houston, Texas 


T-6F Protective Coatings 
Equipment, Methods 
and Costs 


W. P. Cathcart, Chairman, 
Tank Lining Corporation, 
246 Washington Road, Pitts- 
burgh, Pennsylvania 


A. R. Gabel, Vice-Chairman; 
The Dow Chemical Co., Mid- 
land, Mich. 

J. H. Coghshall, Secretary; 
Pennsylvania Salt Mfg. Co., 
3 Penn Center Plaza, Phila- 
delphia, Pa. 


Directory NACE Technical 


Curing 


K. G. Lefevre, Chairman; 
Metalweld, Inc., 2617 Hunt- 
ing Park Ave., Philadelphia, 


Pa. 


Surface 
Preparation 


L. R. Mangram, Chairman; 
Linco, Inc., Houston, Texas. 


Inspection 


L. Barker, Chairman; Carbide 
and Carbon Chemicals Corp., 
South Charleston, W. Va. 


Safety 


(Chairman to be Announced) 


Application 


H. Foelsch, Chairman; A. Gus- 
mer, Inc., Woodbridge, N. J. 


Surface Preparation 
for Organic Coatings 


Joseph Bigos, 
Chairman; United States 
Steel Corp., Applied Re- 
search Lab., Monroeville, Pa. 


Temporary 


Glass Linings and 
Vitreous Enamels 


Protective Coating Ap- 
plication Problems 


Los Angeles Area, Pro- 
tective Coating Appli- 
cation Problems 


Ivan Sullivan, Chairman, 
Spence & Sullivan, Inc., 344 
East Carson St., Torrance, 
Cal. 


F. M. McConnell, Vice Chair- 
man, Service Coatings Corp., 
217 North Lagoon, Wilming- 
ton, Cal. 


W. M. Jakway, Secretary, 
Bechtel Corp., Box 58424, 
Los Angeles, Cal. 


Specification 
Writing 


Newell Tune, Chairman, Dept. 
of Water & Power, 510 East 
Second St., Los Angeles, 
Calif. 


Application 
Procedure 

J. E. Lacy, Chairman, Barrett 
Div., Allied Chem, & Dye 


Corp., 923 East 3rd St., Los 
Angeles, Calif, 


Inspection 
Techniques 

Flora Lombardo, Chairman, 
Coatings & Fiberglass Res. 


Co., 5000 District Blvd., Los 
Angeles, Calif. 


Cost Evaluation 


T. Doyle, Chairman, Furane 
Plastics, 4516 Brazil St., Los 
Angeles, Calif. 


T-6K Corrosion Resistant 
Construction With 
Masonry and Allied 
Materials 

L. R. Honnaker, Chairman; 

E. I. DuPont de Nemours 
Company, Inc., Eng. Dept., 


13W15 Louviers Bidg., Wil- 
mington, Del. 
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T-6R Protective Coatings 
Research 


Joseph Bigos, Chairman, Ap- 
plied Research Lab., U. S. 
Steel Corp., Monroeville, 
Penn. 

J. H. Cogshall, Vice-Chairman, 
Pennsylvania Salt Mfg. Co., 


3 Penn, Center Plaza, Phila- 
delphia, Pa. 


Corrosion 
Coordinating 
Committee 


Cc. A. Erickson, Jr., Chairman; 
The Peoples Natural Gas 
Co., Two Gateway Center, 
Pittsburgh 22, Pa. 

C. L. Mercer, Vice Chairman; 
Southwestern Bell Telephone 
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soon lower prices 


ZIRCONIUM AND TITANIUM 
FOR INDUSTRIAL USE 


Now the time some new thinking 
about titanium and zirconium. These metals 
with their many advantages will soon 
much more plentiful much lower cost. 
Reason: U.S.I. will coming onstream 
shortly with 10-million pound per year 
titanium plant AND zirconium plant which 
will supply one million pounds that metal 
industry. 

Zirconium from the new plant will sell for 
considerably less than current prices. Here’s 
why: will use the most economical pro- 
duction technique ever developed for reduc- 
ing metallic chlorides semi-continuous 
sodium reduction process. This process has 
possibilities reducing titanium prices 
the future well. 

think again about zirconium and tita- 
nium for industrial equipment. Remember 
that they are lighter than other metals 
pound goes farther. Remember that they are 
more durable than other metals—a fabricated 
product lasts longer. 

Write Bill Greenleaf, U.S.I. Manager 
Metals Department, for more information 
these new metals from 


ITANIUM 


1955 


WHAT CAN YOU WITH TITANIUM 
AND ZIRCONIUM LOWER PRICES? 


the future titanium sponge prices are ex- 
pected drop about $2.00 pound, with 
corresponding drop the prices mill prod- 
ucts. these prices the exceptional strength- 
to-weight ratio and corrosion resistance 
titanium can put work the aircraft, 
marine, chemical and allied fields. 

consider the eventual price com- 
mercial grade zirconium: estimated $3.00 
pound for platelets and times this 
price for the average mill product. This price 
will make zirconium practical for chemical 
equipment, marine equipment, food equipment 
and surgical metals among other uses. Zirco- 
nium has light weight, high structural strength, 
excellent corrosion and heat resistance; and 
reactor-grade zirconium has outstanding nu- 
clear properties. 


$25.00 


$20.00 


$15.00 


$10.00 


Park Avenue, New York 16, 


Division National Distillers Products Corporation 
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pany, Inc., Research & De- 
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J 


ble Oil & Refining Co., 1506 
East Texas Ave., Baytown, 
Texas 


Higher solids content (83-91%) 


Thickness 5-10 mils per coat Deterioration 

Los Angeles 27, California 
Coverage 1100-1250 mil ft./gal. 


Less creep fresh and salt water 
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Resistant acids, alkalies, solvents, ammonia gas, water, 
brine, humidity, weathering 


SECTIONAL OFFICERS 


Colors black, brown, brick red, aluminum can given 
Phenoline 305-2 topcoat for any desired color 


Birmingham Section 


Some of the meny uses for Carbomastic A. Gibson, Chairman; T. C. 


Fairfield, Alabama, 


Chemical Processing tank linings and pipes carrying brine, process Southern Bell 
i i H Co., 316 Phoeni Building, | 

water, cooling water; also for maintenance and equipment. 

Petroleum salt water disposal lines and wells, crude oil storage 
tank bottom, pipe linings, crude oil flow lines, roof top exteriors. Natural Gas Co., Box 2563, 


3irmingham, Alabama. 
Marine offshore structures, tankers, barges, steel dock structures 
and equipment. 


Kanawha Valley 


Secti 
Pulp Paper structural steel, tank exteriors high-humidity 
and condensation conditions. 


R. G. Schroeder, Chairman; 
Standard Ultramrine & Color 
WRITE TODAY for technical data and corrosion charts. Co., Box 2166, Hunt- 
ington, West Virginia 
Sample bars available please describe problem. 
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Look what you can 
with 


54-INCH circulating water lines 
are easily protected against cor- 
rosion wrapping with wide- 
width Tape 
clean, easy, safe use; heat 
special equipment necessary. 


QUICK, easy application 
curves and contours 
Betzel Permits con- 
tinuous insulating with smooth, 
tight result. 
Irregular fittings small pipes mixed diameters 
are easily wrapped with the proper widths 
RAP.” This smooth, tough tape conforms tightly 
elbows, flanges, and welded beads, well long lengths 
super-strong polyvinyl chloride plastic tape rolls. 
Available seven standard widths from inches. 
quality pipe protection that rolls 
withstands abrasions rough 
Reg. U.S. Pat. fill. event tearing acci- 
dental rupture, simple patch 
repairs the damage. For further 
information, write Co., St. 
PIPE INSULATION 
The term registered trademark Minnesota Mining and Manufacturing Co., St. Paul Minn. Export Sales Office: 


99 Park Ave., New York 16, N.Y. In Canada: P.O. Box 757, London, Ontario. 
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non-profit, scientific and research association individuals 


and companies concerned with corrosion interested it, whose 
objects are: 


(a) promote the prevention corrosion, thereby curtailing economic 
waste and conserving natural resources. 


(a) provide forums and media through which experiences with corro- 


sion and its prevention may reported, discussed and published for 
the common good. 


(c) encourage special study and research determine the fundamental 
causes corrosion, and develop new improved techniques for its 


(d) correlate study and research corrosion problems among technical 
associations reduce duplication and increase efficiency. 


(e) promote standardization terminology, techniques, equipment and 
design corrosion control. 


contribute industrial and public safety promoting the preven- 
tion corrosion cause accidents. 


(g) foster cooperation between individual operators metallic plant 
and structures the joint solution common corrosion problems. 


(h) invite wide diversity memberships, thereby insuring reciprocal 


benefits between industries and governmental groups well between 
individuals and corporations, 


incorporated association without capital stock, chartered under 
the laws Texas. Its affairs are governed Board Directors, elected 
the general membership. Officers and elected directors are nominated 
nominating committee accordance with the articles organization. 
Election the membership. 

Inquiries regarding membership, and all general correspondence should 
directed the Executive Secretary the administrative headquarters 


the National Association Corrosion Engineers 1061 Building, 
No. Main Street, Houston Texas. 
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Titanium Corrosion and Inhibition 


Fuming Nitric Acid* 


BOMBERGER* 


Introduction 


well known for its high order 

corrosion resistance nitric acid and most 
other chemicals. This property the metal, along 
with its high strength, low weight and increased 
availability aroused considerable interest the use 
titanium components for containing and handling 
highly concentrated nitric acid. 

Both the red and white fuming acids are used 
oxidizers rockets. early tests carried out 
different laboratories, excellent corrosion resistance 
was reported for titanium both types acid. The 
corrosion rates were usually about 0.1 How- 
ever, more recent work exceptionally high rates 
attack were observed the red acid. these cases 
the rate attack ranged from 100 mpy and 
frequently adherent but pyrophoric corrosion de- 
posits formed. The corrosion product was found sen- 
sitive heat, shock and electric spark, and two 
cases exploded with violence causing severe in- 
juries attending personnel. Most the early work 
appearing the open literature was reported Am- 
brose and They suggested that the pyro- 
phoric substance consisted fine particles titanium 
resulting from extensive intergranular corrosion. 
Their findings were later confirmed other investi- 

Larsen and associates® discussed similar phe- 
nomenon that occurs pickling uranium-zirconium 
alloys nitric acid. Under certain conditions the 
matrix dissolves more rapidly than intermetallic 
phase which, consequently, accumulates the surface 
and then suddenly undergoes rapid oxidation with 
explosive violence. solution this problem was 
found increasing the dissolution rate the inter- 
metallic phase the addition fluoride ions. 

the early studies there appeared ex- 


% Submitted for publication January 22, 1957. 
* Supervisor, Fundamental Research, Rem-Cru Titanium, Inc., Mid- 
land, Pennsylvania. 


BOMBERGER the Supervisor Funda- 
mental Research with Rem-Cru Titanium, Inc., 
Midland, Pa., where has been engaged 
metallurgical and corrosion problems for the 
past five years. After receiving metal- 
lurgy Penn State 1942, was employed 
the Wright Aeronautical Corporation and 
(1950) and PhD (1952) from Ohio State 
where specialized corrosion research. 
member NACE, ASM, Sigma Xi, and 
the Electrochemical Society. 


Abstract 


Evidence was found which indicates that sporadically: 
rapid attack observed titanium red fuming 
nitric acid may, some cases, associated with 
limited air supply the test Additions 
air, oxygen and certain salts resulted noticeable 
corrosion inhibition, Attack the uninhibited acid 
was found largely intergranular. the case 
two-phase alloy the beta phase was removed pref- 
erentially, leaving finely-divided pyrophoric deposit 
the alpha structure. possible mechanism pro- 
posed for the observed breakdown passivity. 1.2.5 


planation for the sporadically slow and rapid corro- 
sion titanium red fuming acid. first the com- 
position the material was suspected cause 
inasmuch alloys appeared more prone this 
type attack. The dissolved nitrogen dioxide ap- 
peared play important role view the fact 
that rapid attack was reported only the red acid. 

Rittenhouse and reported considerable 
work the effect number variables and found 
that the pyrophoric tendency increases with increas- 
ing NO. content but decreases increasing the 
water about 0.7 percent above which sensi- 
tivity was observed. 
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Sealed Open Oxygen 0.15% CuSO, 
Container Container Flush Addition 
Days Days Days Days 


Figure 1—Samples the annealed and cold rolled condition exposed red fuming 
nitric acid. Note the heavy staining that occurred the sealed containers and the absence 
staining under the other conditions. 


Sealed Open Oxygen 0.15% CuSO, 
Container Container Flush Addition 
Days Days Days Days 


Figure 2—Samples C110M the annealed and cold rolled condition exposed red fuming 
nitric acid. Samples show heavy staining resulting from limited access air and also show 
that air, oxygen and CuSO, prevented tarnishing. 


TABLE 1—Composition Materials Tested 


more recent publication, 
Gilbert and reported this 
same trend and noted that ex- 
plosion had occurred acid con- 
taining 1.34 percent water (with 
percent but not acids 
higher water content. Since the 
Bureau Mines explosion was 
ported have occurred 
titanium commercial grade 
acid suspected containing 
least 1.5 percent water’ 
pears that small amount water 
itself may not, some 
adequate inhibitor. 

reviewing the early data 
seemed that rapid corrosion 
pyrophoric 
occurred only when titanium 
titanium alloys were exposed 
the red acid sealed containers 
and, apparently, not loosely cov 
ered containers. This suggested 
that inhibition may affected 
either oxygen moisture pickup 
from the atmosphere, both. 

These possibilities 
investigated series tests 
intentionally held minimum 
because their hazardous nature 
and limited safety equipment. Al- 
though admittedly incomplete, the 
results are presented here the 
hope that they may some 
interest other investigators. 


Experimental Procedure 


Commercial titanium (A70) and 
Ti-7 percent alloy (C110M) 
were tested the annealed and 
percent cold rolled conditions 
fuming nitric acid, with and with- 
out special additions. The samples, 
about .050 inch inch 
inches were prepared light pick- 
ling percent HNO,—3 percent 
and washed acetone. Four 
samples—one for each condition— 
were placed together polyethyl- 
ene flasks along with the solution. 
All but three the tests were run 
550 flasks with 400 so- 
lution. The three tests were run 
270 flasks with 270 solu- 
tion. safety reasons glass equip- 
ment was not used. Two containers 
were left open the air but all oth- 


ers were sealed means paraffin covers held down 
with two-pound weights. All tests were run room tem- 


perature, the conclusion the tests the seals were 


MATERIAL Which Used 


removed and the acid flushed away remote control. 


eee .| 28, 31 day 


safety equipment.) The samples were dried and re- 


288t 


May, 


weig 
the 


5 
* 

ng. 
ise 

thu: 


q 


May, 1957 


weighed, and the corrosion rates were determined 
the usual way. 

commercial grade red fuming acid was used, 
specific gravity 1.59 1.60 and 
and percent water. The white acid consisted 
percent and percent water and had 
specific gravity 1.49 1.50 


Two different heats A70 and C110M were used. 
composition these materials given Table 


Experimental Results 


all tests the weight losses were quite small. 
shown Table the rate attack was 
msiderably greater sealed containers than the 
pen containers indicating that the air, moisture, 
cid change affected the process. Presumably the rate 
attack would have been still higher tests and 
carried out sealed flasks, had all the air the 
apor phase 150 been replaced acid. The 
amples these sealed containers were the only ones 
vhich showed pyrophoric sensitivity spark test- 
test smaller but open flask 270 was 
ised and filled the top its diameter neck. 
condition, with smaller acid-air interface and 
‘hus more limited access air, may explain the un- 
expected attack the C110M. 

Exposure the anhydrous nitric acid air un- 
doubtedly resulted some pickup water, which 
apparently, also can cause some inhibition. (The 
water content these acids was not determined be- 
cause inadequate safety equipment.) Test was 
planned determine small amount water has 
important effect. this test significant weight 
losses occurred with the addition 1.5 percent 
distilled water, suggesting that the corrosion inhibi- 
tion observed other tests the group may as- 
sociated with something other than, addition to, 
water. However, this test there was staining, 
stress corrosion sign pyrophoric tendency. 

Tests and were carried out sealed containers 
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with one daily flush commercial oxygen about 
500 through the vapor phase. But all weight losses 
were quite small and essentially staining occurred. 
This indicated that this case oxygen least con- 
tributed the inhibition. 

Small additions anhydrous likewise were 
very effective. Essentially staining, cracking 
and very little weight loss occurred. CuCl additions, 
which the Cu* was undoubtedly oxidized 
prevented staining but the sample annealed 
lost significant amount weight and many cracks 
developed the cold rolled samples. The chlorine 
ion seems harmful under these conditions. 
addition metallic copper dissolved quickly, and 
was found effective preventing staining but 
did not inhibit corrosion the C110M stress cor- 
rosion the cold rolled material. From these limited 
data, metallic copper does not appear satis- 
factory The reason for this may that 
when the copper dissolves, the reaction yields reduc- 
tion products nitric acid that could have some 
effect. 

small amount MnO, seemed have bene- 
ficial effect. Apparently, inhibition complicated 
with additions with CuCl, which case 
the non-inhibiting chloride ions probably compete 
with the metallic ions for adsorption sites. Chromium 
salts are well known inhibitors, but addition 
seemed have little effect the red acid. 
Likewise, NaBr did not seem beneficial pre- 
venting corrosion and stress corrosion, contrary 
earlier report.® 

Tests the white acid, where the corrosion rates 
are ordinarily quite small, indicate that both oxygen 
and additions helped minimize staining. 

The effect restricted air, free access air, and 
additions oxygen and anhydrous are shown 
Figures and for both annealed and cold rolled 
A70 and C110M respectively, after exposure the 
red acid. 

All samples, except those sealed the unaltered 


TABLE Fuming Nitric Acid 


| 


CORROSION RATE 
Days A70 A70 C110M C110M Staining 
Number Acid! Addition® Test Ann CR Ann CR Observed Cracking Observed 
1 Red None 7 3.00 1.21 11.3 3.78 Heavy Several small cracks on rolled edges 
2 Red None 28 1.82 1.80 3.04 3.00 Heavy A few small cracks in CR A70 
3 Red Open to Air 7 0.07 0.09 0.09 0.09 None One crack in CR A70 
4 Red? Open to Air 7 0.00 0.03 5.52 4.00 Slight A few cracks in CR samples 
5 Red 1.5% HzO 28 7.43 7.15 11.2 10.7 Moderate None 
6 Red Oz Flush 28 0.06 0.03 0.02 0.20 Very slight One crack in CR A70 
7 Red Oz Flush 31 0.01 0.01 0.30 0.25 None A few small cracks in CR C110M 
8 Red 0.8% CuSOs 28 0.01 0.00 0.00 0.01 None None 
Red 0.15% 0.03 0.02 1.95 0.24 None None 
10 Red 0.08% CuSO 31 0.01 0.02 0.05 0.09 Slight None 
11 Red 0.1% CuCl 31 0.03 0.04 5.5 0.37 None Many cracks in CR samples 
12 Red 0.06% Cu 31 0.02 0.02 0.31 0.79 None Several cracks in CR samples 
13 Red? 1% MnOz i 0.95 0.10 7.5 4.7 Slight Several cracks in CR samples 
14 Red? 1% FeCls y: 0.75 1.25 2.85 5.5 Slight A few cracks on CR samples 
15 Red 1% CrOs 28 5.46 5.43 9.00 8.47 Slight A few cracks on CR samples 
| 
Red 0.8% NaBr 0.53 0.41 1.32 1.20 Slight Small crack A70 
17 White | None 31 0.02 0.02 0.02 0.02 Slight No cracks, only C110M stained 
White Flush 0.01 0.02 0.04 0.01 Slight None 
19 White 0.15% CuSO 31 0.04 0.01 0.04 0.03 None None 
White 0.08% 0.04 0.03 0.00 0.02 None None 


1 Acid volume was 400 ml in 570 ml flask except tests 4, 13 and 14. 
2 Acid volume was 270 ml in 270 ml flask. 

3 All containers sealed except 3 and 4 which were open to air. 

4 Materials tested in the annealed and 20% cold rolled conditions. 
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Figure 3—Photomicrograph annealed exposed red fuming 
nitric acid sealed container for seven days. Note crack progres- 
sion and porous nature 250X. 


acid, showed very little staining signs general 
corrosion. However, all specimens sealed 
unaltered acid were heavily stained, and some 
areas were porous and covered with vitreous type 
corrosion deposit. 

Metallographic examination the heavily stained 
pieces showed that the attack A70 was essentially 
intergranular corrosion yielding rather porous 
surface indicated Figure shown Figure 
the action was similar. this case, 
however, the attack resulted preferential leaching 
the beta phase from this two phase alloy leaving 
finely divided metallic residue the surface and 
the crack. Analysis powder X-ray technique 
indicated that the residue was essentially all alpha 
titanium. This deposit was extremely sensitive and 
could ignited electric spark. 


Discussion 

Although these data are not extensive, they never- 
theless suggest that oxygen well other addi- 
tions, such may contribute the inhibi- 
tion titanium red fuming nitric acid. 

may seem surprising that oxygen should have 
any effect inhibiting corrosion titanium 
powerful oxidizing agent such fuming nitric acid. 
All oxidizing agents, even small amounts, tend 
passivate the metal. 
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Figure 4—Photomicrograph annealed C110M, also exposed red 
fuming nitric acid sealed container for seven days. Picture shows 
nature attack and selective leaching the beta phase which 
resulted finely divided all-alpha deposit the surface. 250X. 


The effect HNO, additions and HCl 
was reported Golden, Lane and 
well others. Schlain and Smatko® noted that dis- 
solved oxygen and cupric ion ennobled titanium 
dilute Uhlig and observed similar ef- 
fects dilute They pictured inhibition 
resulting from layer oxygen, Cu* ad- 
sorbed the surface. Inhibition titanium 
fuming nitric acid also might explained the 
same way. 

certain that has important effect 
the corrosion process since rapid attack has been re- 
ported only the red acid. the oxidation titan- 
ium some reduction the acid and probably NO, 
occurs even though the corrosion rate may almost 
insignificant. 

long significant amount oxygen pres- 
ent, the reduction products, such and 
should oxidized back NO, and Thus, 
one might speculate (but not conclude), that 
sealed container depletion the oxygen could pos- 
sibly occur and eventually the reduction products 
might compete with the metal for the adsorbed, pas- 
sivating oxygen, causing breakdown passivity. 


Summary 
Rapid corrosion titanium and the formation 
pyrophoric deposit was found occur red fum- 
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ing nitric acid having access air. However, ex- 
posure the solution air oxygen resulted 
almost corrosion, Additions anhydrous cupric 
sulfate also resulted markedly reduced attack, but 
addition 1.5 percent water caused somewhat 
corrosion rates but sign staining, 
pyrophoric tendency. 

Under non-aerated conditions, extensive intergran- 
corrosion occurred the unalloyed metal, and 
attack the beta phase took place 
alloy leaving finely-divided pyrophoric 
deposit. 
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The Corrosion Resistance Ductile 
Sea Water and Petroleum Tanker Services* 


MICHEL PARIS and BRUNIERE 


Introduction 

UCTILE CAST iron was introduced im- 

portant member the ferrous family metals 
1948. This material (sometimes called nodular 
iron) has product advantages similar steel and 
process advantages similar gray cast iron. com- 
parison certain properties ductile iron with cast 
steel and cast iron given Figure 

Ductile iron commonly produced adding 
magnesium liquid cast iron sufficient quantities 
cause the graphite precipitate spherulites 
rather than flakes. 

The purpose this paper present the corro- 
sion properties ductile iron and compare them 
with those steel and gray cast iron. The data pre- 
sented this paper have been accumulated from (1) 
laboratory experiments carried out the Pont-a- 
Mousson Research Center, Pont-a-Mousson, France, 
and (2) actual service data from pipe installed 
tankers built repaired France. These data are 
based only upon experiments and service results ob- 
tained since 1950. For this reason considerably more 
time and corrosion testing are required before com- 
plete story the corrosion resistance ductile iron 
can presented. 

All laboratory tests were made samples taken 
from ductile cast iron and gray cast iron pipe made 
the centrifugal cast DeLavaud process. Steel 
samples were taken from steel pipe and sheet steel. 
(approximately 1.6 inches 1.6 inches 0.2 inch) and 
machined all faces. 

All actual service data ductile cast iron were 
obtained from pipe commercially produced the 
DeLavaud plants France. 

Three types corrosion media are described 
this paper: 


Sea water 
Chemical media 


Petroleum media 


Corrosion Tests Sea Water 

commonly accepted Europe that gray cast 
iron has very good corrosion resistance sea water. 
(See Table for examples.) Its corrosion resistance 
further improved (1) the oxygen content the 
sea water low, and (2) the gray cast iron sub- 
merged completely and not subjected flow and ebb 
tides. Applying this information, three series 
tests were made. these tests, the main purpose 


*% Submitted for publication March 27, 1956. A paper presented at 
the Twelfth Annual Conference, National Association of Corrosion 
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Abstract 


Laboratory data are given which compare the cor- 
rosion resistance gray iron, steel and ductile iron 
sea water and various acid solutions different 
concentrations. Data also are presented show the 
performance ductile iron when used for product 
lines petroleum tankers. particular interest 
information presented for low alloyed ductile iron 
which has given complete satisfaction under highly 
aggressive conditions petroleum tanker service. 


6.2.2 


was compare gray cast iron and ductile iron since 
great amount information the corrosion rate 
gray cast iron already had been accumulated. Steel 
was introduced extend the scope these experi- 
ments. 


Tests were conducted follows: 


Samples were immersed natural sea water. 
The water was mechanically stirred intro- 
duce oxygen and the samples were located 
close its surface. The results this test 
are average values taken from ten separate 
experiments. The dispersion from all ten 


tests was low. The results are given 
Table 


Samples were immersed natural sea water, 
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synthetic sea water and dis- 
tilled water, all having air in- 
troduced continuously under 
pressure. Samples also were 3000 
immersed stagnant dis- 
tilled water. Results these 


tests are given Table 
and the previous test 
are average values for ten 


experiments. 


Samples were exposed sea 
water accelerated cyclic 
phenomena similar flow 
and ebb tides. The total 
time required for each cycle 
minutes. Results this test are given 
Table 

These three series tests indicate that ductile 
has corrosion rate sea water similar gray 
cist iron, and all these tests, lower corrosion 
than steel. 


Corrosion Tests Chemical Media 

Media 

Results tests made acid media are given 
5-6. Data given there indicate that the cor- 
rosion rates ductile iron all acid media tested 
are similar less than those gray cast iron. 
sulfuric acid and 100 the corrosion rates 
ductile iron given Table are considerably less 
than those steel. 

Other tests indicate that ductile iron and gray cast 
iron have similar corrosion rates picric acid and 
acid. 


Other Corrosive Media 


Tests have indicated that the rates corrosion 
ductile iron and gray cast iron are similar the fol- 
lowing liquid media: sodium hydroxide, potassium 
hydroxide, copper sulfate and ammonia. 


Corrosion Tests Petroleum Tanker Service 

One the first applications for ductile iron pipe 
was for installations petroleum tanker service. For 
this reason, considerable actual corrosion data have 
been obtained from pipe installed tankers. 


Three types pipe are service tankers: 


Filling pipe (approximately inches diameter) 
Discharge pipe (approximately inches diameter) 


Heating coils (approximately 2-3 inches diameter) 


The heating coils are inserted tanks and carry 
steam the inside heat the petroleum the tanks 
the proper temperature and the proper viscosity, 
for easy discharge. 

American built tankers, all the piping normally 
consists steel. those carrying sour crude from 
the Middle East the piping system must replaced 
rather frequently years) due very high 
rate corrosion. 

European and French tankers built prior 


MELT TENSILE YIELD 
PONT STRENGTH STRENGTH 
F. pal. 1000 1000 


CAST STEEL 
Figure important properties ductile iron compared those cast steel and gray iron. 
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ELONGATION MOOULUS OF 
ELASTICITY 
PERCENT 1,000,000 


80 


TABLE Showing the Durability Cast Iron Pipe 


Sea Water 
Year Year 
of In- | of In- | Dura- 
stalla- | spec- tion 
Location tion tion (Years) Observations 
Venice, Compagnia 1884 1952 68 Pipes were layed in 
Italy generale the bottom of the 
delle acque lagoon. They were 
intact after years. 
Cannes, Ville 1890 1949 The pipes are now 
France Cannes 1901 1949 | 4s service in another 
location. 
Beyrouth, Eaux de 1875 1953 78 The pipes are now in 
Lebanon Beyrouth service in another 
location. 
Calais, Ste Calai- 1906 1952 46 The pipes were intact. 
France sienne des 
pates a | 
papier 
Barcelona, Energica 1912 ee Pipes are still in serv- 
Spain Electrica | ice and in very good 
e | condition. 
Cataluna 
Boulogne, Cie Gene- 1884 Pipes were still in 
France rale des service in 1952: 
Eaux 
Trouville, Ponts et 1890 Pipes were still in 
France | Chaussees service and in very 
| good condition. 
| 
Antibes, Emissaires 1902 eernhd wa Pipes were still in 
France en mer 1935 service. Steel pipe 
layed in the same 
location was corrod- 
ed after 12 years. 
Nice, Emissaires 1904 Pipes were still in 
France de la baie service and in good 
des anges condition. In 1934, 
a part of a new line 
made of 6% copper 
alloyed steel was 
| layed at the same 
} location. These pipes 
| : by iron 10 years lat- 
er. See reference 
| | 


1950, all the piping normally consisted gray cast 
iron. Because the severe bending moments gen- 
erated tanker service sea, has been necessary 
make gray cast iron pipe much thicker than stand- 
ard pipe size and hence considerably heavier. Since 
gray cast iron has very good resistance corrosion, 
normally lasts longer than the tanker itself. 


was hoped that ductile iron would ideal 
solution tanker pipe corrosion problems. This 
material has mechanical properties similar steel, 
thus not requiring heavy wall section, and its corro- 
sion resistance was expected similar gray 
cast iron. Actual service data obtained ductile 
iron pipe installed since 1950 have indicated that the 
low alloy type ductile iron (containing approxi- 
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TABLE Weight Losses Ductile Iron, Gray 
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and Steel 
Loss of weight for various lengths of exposures 
In mg¢/dm?/day In ipy 
Material Tested Days Days | Days Days Days Days 
Gray cast iron pipe..| 16.4 14.5 .0050 .00325 
Steel pipe...... 20.7 27.3 | .0055 .0038 | -0051 


Note: Samples were immersed in natural sea water and mechanically stirred. 


TABLE Weight Losses Ductile Iron, Gray Iron and Steel 


Cleaning with sea water under pressure 

Sea water ballast. 


addition the corrosive products solutior, 
the raw petroleum also will contain sediments suspen- 
sion which deposit the horizontal parts the tank; 


(e.g., horizontal pipe, floor beams, 

When corrosion appears tanks petroleun 
tankers, normally located 
the areas covered with sediments 
These areas are located mainly 


Loss of Weight After Exposure of 380 Days 


zontal pipes (on their outside 


In mg/dm?/Day 


Air Introduced Con- 


Air Introduced Con- 


zontal parts the tank. 


tinuously under Stag- | tinuously under Stag- 
Pressure nant Pressure discharge pipe, the corrosion 
Syn- pears the lower inside surface 
| Natural) thetic* | Dis- Dis- | Natural) thetic Dis- Dis- 
Sea Sea tilled tilled Sea tilled tilled the pipe. Corrosion appears in- 
Material Tested Water Water Water Water Water Water Water Water termittently and takes the shape 
re 
Ductile iron pipe gl 4 
Ductile iron pipe............ 15 15.8 | 19.1 6. | .008 .0032 .0038 .0012 
Low carbon steel 23.5 25.4 24.5 7.5 


| 


-0045 


has been proved that the sedi- 


* Sesemeiitted of synthetic sea water: 
NaCl 30 grams 


MgS0O4.7H20 5 grams 
MgCle.6H20 6 grams 
CaSO4.2H20 1.5 grams 
KHCOs 0.2 grams 


Distilled water 1 liter 


TABLE 4—Comparison Weight Losses Ductile Gray 
and Steel 


Loss of weight for various lengths of exposure 


In mé/ dm? day | In 


Ductile iron pipe con- | | | 
taining approxi | 


mately 1.5% nic 42.0 .0087 .0089 .0084 
Gray cast iron pipe | 43.7 | 43.0 | .0091 0087 | .0086 
Steel pipe... A | | 64.0 | 640 | 115 | .0118 0118 
Low carbon steel 
BS | | GSH 0152 0118 0124 


Nate: haahe $s were immersed in natural sea water cyclically rising and falling 
every 20 minutes. 


mately 1.5 per cent nickel) provides the ideal answer 
the tanker pipe corrosion problem. Most tankers 
built France since 1950 have been equipped with 
ductile iron pipe. 


Summary the Corrosive Conditions Petroleum 


Tanker 

The petroleum carried French tankers comes 
from the Persian Gulf. This petroleum has high 
content corrosive materials, mainly sulfurous types 
(free sulfur, hydrogen sulfide, sulfates, .). 
After the petroleum unloaded, the tanks are given 
thorough cleaning with (140 sea water 
under pressure. Tankers returning the petroleum 
loading harbor must fill some their tanks with 
sea water ballast order reach correct stability 
for ocean travel. 

Environment Time 
Sour crude petroleum.......... weeks 
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ments are required for the develop- 
ment corrosion; however, they 
not give the complete explanation 
the phenomenon. Neither sour crude 
without sediments nor sea water ap- 
proaches this corrosion rate 

assumed that chemical reaction occurs be- 
tween the active sulfur the sediments (its 
tration may high 0.6 percent) and sea water 
ending the formation sulfuric acid. Apparently, 
oxygen necessary this reaction and may come 
either from direct oxidation when the tanker 
empty, from indirect oxidation possibly due 
bacteria. This theory seems confirmed the 
fact the water taken from the pits contains sulfuric 
material and acidic. fact one big pit, the 
water was low 3.5. 


Summary Laboratory Experiments 


Pont-a-Mousson’s Research Center worked dif- 
ferent chemical compositions ductile iron order 
arrive the best composition resist pitting 
corrosion. These laboratory experiments were made 
with samples described previously (40 
mm) and submitted the tanker service 
cycle. one series tests, the cleaning with 
sea water under pressure was eliminated. 

Two other series tests were made simultane- 
ously. one series the cycle began with sea water 
while the second series, the cycle began with 
petroleum. The second cycle beginning with petro- 
leum proved much more corrosive, and hence 
these data are given. 

Samples the following materials were tested: 


Three types ductile iron pipe: 
Austenitic ductile iron with high nickel 
content. 
Ductile iron containing approximately 1.5 
percent nickel. 
Unalloyed ductile iron. 
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Gray cast iron pipe. 
Carbon steel seamless pipe. 
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TABLE Corrosion Resistance Ductile Gray Cast and 


Various Concentrations Sulfuric Acid 


Carbon steel sheet. 


The results these tests are 
Table This table 
cinnot used determine the 
pipe tankers. Experi- 
cace proves that the corrosion rate 
service somewhat higher than 
the laboratory test. The table 
however, interesting 
rate corrosion the various material 
These laboratory experiments and other sim- 
tests have been great help for rapid determi- 
the most suitable materials tried 


Material Tested 


Field Service Data Corrosion Resistance 
Ductile Iron Pipe Tankers 


Corrosion Resistance Unalloyed Ductile Iron Pipe 


Some pitting corrosion was evident early exam- 
nation after unalloyed ductile iron pipe was installed 
French tankers. However, when the pipe was 
after three years, the corrosion rate de- 
After four years, the corrosion pitting 
ductile iron pipe unalloyed appeared almost 
completely stopped. approximately percent 
the pipe, the diameter the pits increased but their 
number and depth remained constant. After five 
years service tankers, the corrosion appeared 
stopped completely. 

interesting note that some cases ductile 
iron was installed old American tankers (T2) 
replacement steel piping which lasted only four 
five years. After the same length time and under 
the most severe corrosion conditions (crude petro- 
leum from the Persian Gulf corrosive), 
virtually all unalloyed ductile iron pipe installations 
was performing satisfactorily. Indications are that 
they still have numerous years service before re- 
placement will required. 


Corrosion Resistances Ductile Iron Containing 
Approximately 1.5 Percent Nickel 


result the laboratory tests given Table 
ductile iron pipe containing 1.5 percent nickel was 
tested some tankers. Two specific results these 
tests are follows: 

About ductile iron pipes were installed 
inch pipe line. After months 
service, there was trace corrosion, pit- 
ting, graphitization these pipes. They 
were covered with light superficial and 
even coat rust. 

Gray cast iron and unalloyed ductile iron 
pipe simultaneously installed showed some 
graphitization and pitting. The deepest pit 
was 1.5 mm. 

three tankers three ductile iron heat- 
ing coils containing approximately 1.5 percent 
nickel were installed two tanks, totaling 


approximately km. (2296 ft.) pipe. 


Ductile iron pipe containing 
approximately 1.5% nickel. . 
Ductile iron pipe......... 
Gray cast iron pipe...... 


Loss of Weight in mg/cm2/hour in Sulfuric Acid at 
Various Temperatures 


Percent Concentration Percent Concentration 


2.1 10.8 9.5 109 290 

6.3 9.4 127 308 415 620 
3.4 6.6 14.6 13.5 276 370 470 
3.9 9.6 16.0 16.0 189 334 1250 


TABLE 6—Comparison Corrosion Rates Ductile Cast 
and Gray Iron Various Acids 


Loss of Weight in mg/cm?/Hour 


50% 30% 30% 50% 30% 
Hydro- Hydro- 
chloric | Nitric | Acetic | chloric | Acetic 
Material Tested Acid Acid Acid Acid Acid 
Ductile iron pipe......... 13 229 0.7 750 34 
Gray cast iron pipe...... 25 222 0.7 522 48 


These coils were mm. (2.5 in.) diameter 
and carried steam temperature 150 

These three heating coils have been 
shipboard service and years, respec- 
tively. They are absolutely intact and 
trace corrosion evident. 

The inlet and outlet ends the heating 
coils were made steel and submitted the 
same corrosive conditions the heating 
coils ductile iron. two the tankers, 
the steel pipe had removed. The steel 
pipe the third tanker showed numerous, 
deep corrosion pits, and some instances 
there was risk its being perforated. 

From these tests, appears that the duc- 
tile iron containing approximately 1.5 per- 
cent nickel very satisfactory answer 
sour crude service corrosion. This iron has 
electrochemical potential close that 
steel and consequently there little danger 
setting stray electrolytic current be- 
tween the ductile iron and steel. 

Today approximately tankers, mostly 
French, are equipped with ductile iron pipe 
which giving satisfactory service. 


Conclusions 

This paper indicates the corrosion resistance 
ductile cast iron similar that gray cast iron 
all the media investigated. 

Laboratory and actual service tests have indicated 
that ductile iron pipe containing approximately 1.5 
percent nickel most satisfactory tankers carrying 
crude petroleum from the Middle East. felt that 
this conclusion could extended less corrosive 
crudes. The author has particular data the case 
clean petroleum products. 
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TABLE Corrosion Resistance Ductile Gray Cast Iron and Steel Under Laboratory 
Conditions Duplicating Conditions Tanker Service 


Loss of Weight for Various Duration Testing 


Maximum Depth of Pits of Corrosion 
After One Year of Testing 


| 275 
Days 


| Days | 
11.6 


Material Tested 


Days 


| Cleaning Cleaning | Cleaning | Cleaning 
0.1 


-0019 


-0004 


Ductile iron pipe. . 


Gray cast iron pipe........ 


Steel seamless pipe 


Steel plate. . 


-0020 
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DISCUSSION 


Questions Quimby, New York, New York: 

Have you noticed any pitting inside vertical 
pipe crude tanks? When using steel pipe have 
noticed similar pitting not due deposits. 


possible that when steel and ductile iron 


were used together, ductile iron was cathodic 
therefore actually was protected the steel? 


Replies Michel Paris and Bruniere: 

have not noticed any pitting inside out- 
side vertical ductile iron pipe crude tanks. 
have had, however, only few opportunities see 
the inside vertical pipe tankers. 

When steel and ductile iron the kind use 
tankers are electrical contact, ductile iron 
slightly cathodic. The electrolytic corrosion the steel 
(or protection the ductile iron) may neglected 
compared with the chemical corrosion crude oil 
and sea water. Some the ductile iron pipe was 
fixed with steel clamps. These clamps showed very 
early pitting caused chemical corrosion. evi- 
dence any electrical corrosion was found the 
contact points between the pipe and the clamp. 


Any discussion this article not published above 
will appear the June, 1957 issue. 
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Corrosion Studies High Temperature Water 
Hydrogen Effusion Method* 


Introduction 


SURVEY was made about three years ago 
the available knowledge dealing with the re- 
tion metals with water elevated temperature 
pressure. The survey was made connection 
ith critical evaluation material suitable for use 
aqueous heat exchangers for nuclear power 
was found that there was surprising lack data 
garding the rates the simple reaction: 


a 


the case ferrous alloys, there was evidence that 
aii oxide film having the spinel structure magnetite 
was formed under most conditions boiler 
aid heat exchanger operation, but reliable quantita- 
tive data regarding corrosion rates were meager. 

major reason for the dearth data appeared 
the lack adequate technique for making the 
measurements. considerable effort was put there- 
fore into the development technique capable 
supplying the needed data. The technique 
described and discussed detail elsewhere.* this 
paper, the technique will outlined briefly and some 
data obtained its use ferrous systems will 
presented. 

The method based the fact that sealed 
metal container elevated temperature, hydrogen 
evolved result the corrosion reaction (1) will 
permeate the walls the container compara- 
tively rapid rate. Because this possible 
calculate corrosion rates from measurements the 
rate hydrogen effusion through the walls sealed 
vessels which are being corroded the water the 
aqueous solutions which they contain. For the pur- 
pose these measurements, the vessels the metal 
under test are surrounded evacuated system 
known the rate hydrogen effusion 
calculated from measurements the rate pressure 
rise the evacuated system. 

Two types container have been used: thin 
tubing with welded ends, and thicker tubing pipe 
with cone-in-seat type pressure closure. Con- 
tainers the first type, which have been used 
most the work described, were fabricated 
from annealed steel tubing 0.25 inch and 0.020 
inch thick. The tubing was partially flattened and 
completely filled with the aqueous fluid used 
the corroding medium. Sections the tubing 
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Abstract 


new method for the measurement static corro- 
sion rates aqueous systems elevated tempera- 
ture and pressure briefly described. Data obtained 
application the method ferrous systems are 
presented. These data include: (1) the corrosion rate 
low carbon steel distilled water 600 (2) 
the effect raising the such systems, (3) the 
effect thermal shock and temperature rise 
the corrosion rate, and (4) the effect heat treat- 
ment the metal the corrosion rate. Comparison 
made between the corrosion rates low carbon 
steel and stainless steel and some data are included 
the effect the wall thickness low carbon 
steel specimens the rate hydrogen effusion 
resulting from corrosion 600 4.6.2 


were then pinched off and spot welded the ends 
form sealed capsules (Figure 1). 

use, the capsule placed apparatus 
shown schematically Figure suspended 
above the oven zone manipulation external 
magnets operating the counterweights, while the 
system evacuated the vacuum pumps. The 
vacuum valve then closed and the specimen al- 
lowed drop into the oven. The specimen heats 
rapidly temperature, the flattened tubing expand- 
ing accommodate the increased hydrostatic pres- 
sure. the case the steel capsules considered 
this paper, the hydrogen generated the reaction: 


diffuses through the walls the specimen and col- 
lects the vacuum system, building pressure 
which recorded Pirani gauge and associated 
apparatus. Corrections can made for “blank rates,” 
due slow outgassing the system, similar very 
small sources gas build-up other than corrosion, 
raising the capsule out the hot zone and keep- 
ing room temperature until the blank rate 
determined. After this the capsule lowered back 
into the hot zone for further corrosion rate measure- 
ment. The corrosion rate calculated from the Pirani 
gauge record, corrected for blank rate. 


Experimental Data 


Corrosion Rates Low Carbon Steel Distilled Water 


the work done with this technique, low carbon 
steel tubing (ASTM-A-192), hydrogen annealed, 
flattened and filled with distilled water (air-saturated), 
was subjected corrosion 600 The results are 
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shown Table These data indicate that the high 
initial corrosion rate rapidly inhibited forma- 
tion the oxide film and that after about 150 days 
the rate attack has been reduced surprisingly 


low value the neighborhood mg/dm?-month 
0.000036 ipy. 


Effect Raising the Corrosion 
Rates Low Carbon Steel 

Table shows the effect raising the (at 
room temperature) the corroding fluid 10.6 
with NH,OH and with NaOH. may noted 
that while the corrosion rate the samples con- 


Vol. 
Figure 1—Sealed capsules for corrosion rate 
measurement, 
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Figure 2—Schematic diagram apparatus for hydrogen effusion 
measurement. 


taining the NH,OH indicate that the protective film 
takes somewhat longer form this environment, 
increase neither case brings about any very 
change the corrosion behavior. All 
samples reach steady state about 150 days, the 
rate thereafter remaining constant the neighbor- 
hood 


Recently, Blaser and have reported corro- 
sion rates carbon steel (ASTM-A-212) specimens 
under similar conditions exposure 600 Their 
data were obtained means descaled weight loss 
measurements large number specimens ex- 
posed static and semi-static systems (fluid flow 
across specimens ft/min) containing high purity 
LiOH. Within the accuracy their measurements 
the corrosion rates appeared independent the ma- 
terial used produce the alkalinity. Table 
the average rates obtained Blaser and Owens are 
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compared with the average the i20 
and NaOH runs the 
effusion method, given 
above. The agreement seen 

very good. 


110 


Low Carbon Steel 
Stainless Steel Corrosion Rates 
few runs were made com- 
the relative corrosion resist- 
low carbon steel and stain- 
steel (Type 347) under these 
The results are shown 
Figure may noted that 
e.en with stainless steel com- 
high initial corrosion 
indicated. Values the 
were recorded after one hour 
corrosion. 


CORRECTED CORROSION RATE (wos M0) 


CORROSION STUDIES HIGH TEMPERATURE WATER HYDROGEN EFFUSION METHOD 


INCHES PER YEAR 


AVERAGE LOW CARBON STEEL RUNS 2-24, 2-28 AND 2-29 
AVERAGE STAINLESS STEEL RUNS 2-18 AND 2-22 
0.0005 


TIME (DAYS) 


Figure 3—Corrosion rates low carbon and stainless steel 600 water raised 


Effect Heat Treatment 
Low Carbon Steel Corrosion Rates 


The very high corrosion rates 
indicated the rapid hydrogen 


(cold) 10.6 with NaOH 


TABLE 1—Corrosion Rate Low Carbon Steel 600 


evolution noted the early parts 
SAMPLE 


CORRECTED CORROSION RATES 


the runs (see Table could 

error appreciable quanti- Run Fluid Min. Day Days Days Days Days Days Days Days Days 


annealing™ operation. This hydro- 

gen would released rapidly when 

the specimen was dropped into the oven, and would indi- 
cate spurious high corrosion rate. eliminate this 
possible source error, the hydrogen annealing 
operation was followed vacuum prior 
capsule fabrication. While this treatment did pro- 
duce some reduction the very high initial rates 
(from about 18,000 mg/dm?-month about 13,000 
produced another rather un- 
expected result. This unexpected development was 
increase the time needed for development 
the protective film (see Table 4). Similar behavior 
has been noted Douglas and Chemical 
analysis and microscopic examination were used 
determine whether chemical structural changes 
might responsible for this behavior. The chemical 
analysis (Table and microscopic examination in- 
dicated pronounced decarburization but the micro- 
scopic examination did reveal grain growth and car- 
bide spheroidization illustrated Figures and 
There evidence the that spheroid- 
ization tends accelerate corrosion. 


4) One hour in hydrogen at 1600 F followed by cooling in the hydrogen 
atmosphere to about 195 F in a water-cooled chamber. 


( One hour minimum at 1600 F in a vacuum furnace maintained at a 
pressure of less than 10-5 mm of mercury, followed by furnace cool- 
ing to room temperature, 


TABLE 2—Corrosion Rate Low Carbon Steel 600 


Sample Corrected Corrosion Rate (m¢/dm?2-month) 
Run Fluid Days Days 100 Days 150 Days 200 Days 
3-6 H20 27 11 5 6 5 
3-7 H20 34 13 9 7 7 
2-29 NHs4OH! 45 24 9 7 7 
2-24 NaOH! 32 19 11 
2-26 NaOH! 21 13 5 7 5 


TABLE 3—Corrosion Rate Carbon Steel 600 
10.6—11.0 (Cold) Aqueous Solutions 


Corrected Corrosion Rate (m¢/dm?-month) 
5 10 25 50 100 150 200 
Days Days Days Days Days Days Days 
Data of 
Blaser and 
Owens..... 85 51 24 13 8 6 5 
He Effu- 
sion Data 94 58 28 19 7 
TABLE 4—Corrosion Rate Carbon Steel 600 
Corrected Corrosion Rate 
Sample (m¢/dm?2-month) 
Run | Fluid | Annealed Days | Days Days Days | Days 
3-6 H20 | No 27 | 16 7 7 5 


j 
| 
ilm 
ery 
the 


ASSOCIATION CORROSION ENGINEERS Vol. 


TABLE 7——Comparative Corrosion Resistance Ductile Gray Cast Iron and Steel Under Laboratory 
Conditions Duplicating Conditions Tanker Service 


Maximum Depth of Pits of Corrosion 


Loss of Weight for ¥; arious Duration Testing © After One Year of Testing 
In ‘dm? 2/Day In ipy In Millimeters | In Mils 
Material Tested | Days Days | Days | Days | Days _ Days | Cleaning | Cleaning | Cleaning | Cleaning 


Duc tile iron pipe with austenitic matrix epee | | | | | 


Stee! ecamiess 15 13 | .0029 | .0025 | .0021 | 0.6. 0.2 | 24 8 
Nodular Graphite Cast Iron. Trans. possible that when steel and ductile iron 


were used together, ductile iron was cathodic and 
Reynolds and Taylor. Mechanical Properties 


713 (1952). 

Reynolds and Taylor. Alloying and Heat Treat- Replies Michel Paris and Bruniere: 


Graphite Cast Iron. Trans. A.F.S., 62, have not noticed anv pitting inside out- 
(1954) 


side vertical ductile iron pipe crude tanks. 
Mechanical Properties from Chemical Composition for ave had, however, only opportunities see 


Fully Annealed Ductile Cast Trans. A.F.S., 61, the inside vertical pipe tankers. 

When steel and ductile iron the kind use 
Glough. Flow and Fracture Gray and Nodular Cast 


Iron. Sc. Thesis, Mechanical Engineering Department, tankers are electrical contact, ductile 
1954. slightly cathodic. The electrolytic corrosion the steel 
(or protection the ductile iron) may neglected 

DISCUSSION compared with the chemical corrosion crude oil 


and sea water. Some the ductile iron pipe was 
Questions Quimby, New York, New York: fixed with steel clamps. These clamps showed very 


Have you noticed any pitting inside vertical early pitting caused chemical corrosion. evi- 
pipe crude tanks? When using steel pipe have dence any electrical corrosion was found the 
noticed similar pitting not due deposits. contact points between the pipe and the clamp. 


Any discussion this article not published above 
will appear the June, 1957 issue. 
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Corrosion Studies High Temperature Water 
Hydrogen Effusion Method* 


Introduction 


SURVEY was made about three years ago 
the available knowledge dealing with the re- 
action metals with water elevated temperature 
and pressure. The survey was made connection 
with critical evaluation material suitable for use 
aqueous heat exchangers for nuclear power 
was found that there was surprising lack data 
regarding the rates the simple reaction: 


the case ferrous alloys, there was evidence that 
oxide film having the spinel structure magnetite 
was formed under most conditions boiler 
and heat exchanger operation, but reliable quantita- 
tive data regarding corrosion rates were meager. 


major reason for the dearth data appeared 
the lack adequate technique for making the 
fore into the development technique capable 
supplying the needed data. The technique has been 
described and discussed detail elsewhere.* this 
paper, the technique will outlined briefly and some 
data obtained its use ferrous systems will 
presented. 


The method based the fact that sealed 
metal container elevated temperature, hydrogen 
evolved result the corrosion reaction (1) will 
permeate the walls the container compara- 
tively rapid rate. Because this possible 
calculate corrosion rates from measurements the 
rate hydrogen effusion through the walls sealed 
vessels which are being corroded the water the 
aqueous solutions which they contain. For the pur- 
pose these measurements, the vessels the metal 
under test are surrounded evacuated system 
known volume, and the rate hydrogen effusion 
calculated from measurements the rate pressure 
rise the evacuated system. 

Two types container have been used: thin 
tubing with welded ends, and thicker tubing pipe 
with cone-in-seat type pressure closure. Con- 
tainers the first type, which have been used 
most the work described, were fabricated 
from annealed steel tubing 0.25 inch and 0.020 
inch thick. The tubing was partially flattened and 
completely filled with the aqueous fluid used 
the corroding medium. Sections the tubing 


% Submitted for publication January 27, 1956. A paper presented at 
the Twelfth Annual Conference, National Association of Corrosion 
Engineers, New York, N. Y., March 12-16, 1956. 


Abstract 


new method for the measurement static corro- 
sion rates aqueous systems elevated tempera- 
ture and pressure briefly described. Data obtained 
application the method ferrous systems are 
presented. These data include: (1) the corrosion rate 
low carbon steel distilled water 600 (2) 
the effect raising the such systems, (3) the 
effect thermal shock and temperature rise 
the corrosion rate, and (4) the effect heat treat- 
ment the metal the corrosion rate. Comparison 
made between the corrosion rates low carbon 
steel and stainless steel and some data are included 
the effect the wall thickness low carbon 
steel specimens the rate hydrogen effusion 
resulting from corrosion 600 4.6.2 


were then pinched off and spot welded the ends 
form sealed capsules (Figure 1). 

use, the capsule placed the apparatus 
shown schematically Figure suspended 
above the oven zone manipulation external 
magnets operating the counterweights, while the 
system evacuated the vacuum pumps. The 
vacuum valve then closed and the specimen al- 
lowed drop into the oven. The specimen heats 
rapidly temperature, the flattened tubing expand- 
ing accommodate the increased hydrostatic pres- 
sure. the case the steel capsules considered 
this paper, the hydrogen generated. the reaction: 


diffuses through the walls the specimen and col- 
lects the vacuum system, building pressure 
which recorded Pirani gauge and associated 
apparatus. Corrections can made for “blank rates,” 
due slow outgassing the system, similar very 
small sources gas build-up other than corrosion, 
raising the capsule out the hot zone and keep- 
ing room temperature until the blank rate 
determined. After this the capsule lowered back 
into the hot zone for further corrosion rate measure- 
ment. The corrosion rate calculated from the Pirani 
gauge record, corrected for blank rate. 


Experimental Data 


Corrosion Rates Low Carbon Steel Distilled Water 


the work done with this technique, low carbon 
steel tubing (ASTM-A-192), hydrogen annealed, 
flattened and filled with distilled water (air-saturated), 
was subjected corrosion 600 The results are 
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shown Table These data indicate that the high 
initial corrosion rate rapidly inhibited forma- 
tion the oxide film and that after about 150 days 
the rate attack has been reduced surprisingly 
low value the neighborhood 
0.000036 ipy. 


Effect Raising the Corrosion 
Rates Low Carbon 

Table shows the effect raising the (at 
room temperature) the corroding fluid 10.6 
with NH,OH and with NaOH. may noted 
that while the corrosion rate the samples con- 
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Figure 1—Sealed capsules for corrosion rate 
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Figure 2—Schematic diagram apparatus for hydrogen effusion 
measurement. 


taining the NH,OH indicate that the protective film 
takes somewhat longer form this environment, 
increase neither case brings about any very 
significant change the corrosion behavior. All 
samples reach steady state about 150 days, the 
rate thereafter remaining constant the neighbor- 
hood mg/dm?-month. 

Recently, Blaser and have reported corro- 
sion rates carbon steel (ASTM-A-212) specimens 
under similar conditions exposure 600 Their 
data were obtained means descaled weight loss 
measurements large number specimens 
posed static and semi-static systems (fluid flow 
across specimens ft/min) containing high purity 
LiOH. Within the accuracy their measurements 
the corrosion rates appeared independent the ma- 
terial used produce the alkalinity. Table 
the average rates obtained Blaser and Owens are 
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compared with the average the 
NH,OH and NaOH runs the 
effusion method, given 
above. The agreement seen 


very good. 


Comparison Low Carbon Steel 
and Stainless Steel Corrosion Rates 

few runs were made com- 
pare the relative corrosion resist- 
ance low carbon steel and stain- 
less steel (Type 347) under these 
conditions. The results are shown 
Figure may noted that 
even with stainless steel com- 
paratively high initial corrosion 
rate indicated. Values the 
neighborhood 2000 mg/dm?-month 
were recorded after one hour 
corrosion. 


CORROSION RATE 


CORROSION STUDIES HIGH TEMPERATURE WATER HYDROGEN EFFUSION METHOD 


00007 


—O— AVERAGE OF LOW CARBON STEEL RUNS 2-24, 2-26, 2-27, 2-28 AND 2-29 
—®— AVERAGE OF STAINLESS STEEL RUNS 2-18 AND 2-22 


INCHES PER YEAR 


TIME (DAYS) 


Figure 3—Corrosion rates low carbon and stainless steel 600 water raised 


The Effect Heat Treatment 

Low Carbon Steel Corrosion Rates 
The very high corrosion rates 

indicated the rapid hydrogen 


(cold) 10.6 with NaOH 


TABLE 1—Corrosion Rate Low Carbon Steel 600 


evolution noted the early parts 


| 
of the runs (see Table 1) could | RATES 
error appreciable quanti- Run Fluid Min. Day Days Days Days Days Days Days Days Days 


3-7 
the sample result hydrogen 


operation. This hydro- 

gen would released rapidly when 

the specimen was dropped into the oven, and would indi- 
cate spurious high corrosion rate. eliminate this 
possible source error, the hydrogen annealing 
operation was followed vacuum prior 
capsule fabrication. While this treatment did pro- 
duce some reduction the very high initial rates 
(from about 18,000 about 13,000 
mg/dm*-month) produced another rather un- 
expected result. This unexpected development was 
increase the time needed for development 
the protective film (see Table 4). Similar behavior 
has been noted Douglas and Chemical 
analysis and microscopic examination were used 
determine whether chemical structural changes 
might responsible for this behavior. The chemical 
analysis (Table and microscopic examination in- 
dicated pronounced decarburization but the micro- 
Scopic examination did reveal grain growth and car- 
bide spheroidization illustrated Figures and 
There evidence the that spheroid- 
ization tends accelerate corrosion. 


© One hour in hydrogen at 1600 F followed by cooling in the hydrogen 
atmosphere to about 195 F in a water-cooled chamber. 


/ One hour minimum at 1600 F in a vacuum furnace maintained at a 
pressure of less than 10-5 mm of mercury, followed by furnace cool- 
ing to room temperature. 


TABLE 2—Corrosion Rate Low Carbon Steel 600 


Sample 


Corrected Corrosion Rate (mg¢/dm2-month) 
Run | Fluid 20 Days = = 50 Days | 100 Days | 150 Days 200 Days 
3-7 | H20 34 13 9 fs 7 
2-28 NHs4OH! | 41 | 23 | 10 | 7 | 7 
1 pH (Cold) = 10.6 
TABLE 3—Corrosion Rate Carbon Steel 600 
10.6—11.0 (Cold) Aqueous Solutions 
Corrected Corrosion Rate (me/ ‘dm?-month) 
5 10 | yn 5@ | 100 | 150 | 200 
Days | Days | Days | Days | Days | Days | Days 
Data of } 
Qwens.....| 85 | 51 | 24 13 | 8 | 6 | 5 
He Effu- | | | | 


sion 94 


TABLE 4—Corrosion Rate Carbon Steel 600 


Corrected Corrosion Rate 


Sample (mg /dm?2-month) 
Run Fluid (Annealed! Days Days Days | Days | Days 
3-2 | H20 Yes 64 33 16 | 11 9 
3-6 H20 No 27 16 7 | 7 5 
3-7 H20 No 34 18 10 7 7 
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Figure 4—Low carbon steel after hydrogen annealing for one hour 
1600 and cooling the hydrogen atmosphere 195 water- 


jacketed chamber. Magnification 750X. 


Figure 5—Low carbon steel after hydrogen annealing for one hour 
1600 for one hour and furnace cooling. Magnification 750X. 


Effect Thermal Shock and Temperature 
Elevation Corrosion Rates 


Figures and show the effect the thermal 
shock produced raising the sample out the 
oven, thus effecting rapid cooling from 600 
room temperature (75 F). was anticipated that 
such thermal shocks and the accompanying me- 
chanical shocks due large changes hydrostatic 
pressure might damage the protective oxide films 
with consequent alteration corrosion rates. The 
results, however, indicate that any damage that may 
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Figure 6—Corrosion rates low carbon steel 600 distilled water. 


TABLE 5—Carbon Analysis Tubing 


| Percent Carbon in 
| Duplicate Samples 


Hydrogen-annealed tubing......................| 0.12 | 0.11 
Hydrogen and vacuum-annealed tubing........../ O.11 | 0.11 


thus suffered soon repaired. may noted 
that samples containing the NH,OH solution show 
appreciable due the thermal shock (Runs 
2-28 and 2-29). those samples containing 
and the NaOH solution, apparent rise corro- 
sion rate observed immediately after return 
high temperature and pressure but the rate soon 
returns that effect before the sample was re- 
moved from the oven (Runs 2-24, 2-26 and 2-27). 
The slower return the samples containing water 
only may indicate difference the stability the 
films formed the two cases (Runs 3-6 and 3-7). 
should noted, however, that the longer period 
film formation the case the NaOH solutions 
may have been factor. 

Figures and also illustrate the effects rais- 
ing the temperature from 600 650 The corro- 
sion rate, would expected, immediately rises 
with the rise temperature but then drops 
much more rapid rate than had been the case the 
lower temperature. Upon return 600 the rate 
returns aproximately its previous 600 rate 
slightly less. The abrupt rise corrosion rate 
650 followed rapid decrease would seem 
indicate that the protective film being altered 
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1957 CORROSION STUDIES HIGH TEMPERATURE WATER HYDROGEN EFFUSION METHOD 
way which might eventually re- 
duce the 650 rate the value 650°F 
found for the 600 rate. 
0.0005 
Dynamic Systems 

The results obtained using 
sealed capsules previously 
without any flow the fluid 
dium past the corroding metal sur- 
within piping and around the 0.0002 
such systems can have consider- 
Dynamic systems were designed 
therefore which vacuum-tight 

TIME (DAYS) 


ing through which high tempera- 


ture aqueous solutions could Figure 7—Corrosion rates low carbon steel 600 water raised (cold) 10.6 


circulated. Provisions were made 
for collecting the hydrogen effus- 
ing through the hot pipe wall into 
the cans and measuring 
cording the pressure such hy- 
drogen function corrosion 
time manner analogous that 
employed with capsules. 

connection with this applica- 
tion the hydrogen effusion method 
the measurement corrosion 
piping some questions arose re- 
garding the possible effect wall 
thickness the rate hydrogen 
effusion. This was checked fab- 
ricating capsules identical 
respects except wall thickness. The 
capsules were machined from 
single length low carbon steel 
rod. The inside dimensions all 
capsules were the same but one 
set had wall thickness 0.028 
inch and another wall thickness 
0.153 inch, the latter being the 
thickness piping some the 
dynamic systems mentioned above. 

Closures were effected seating degree 
cone into degree conical opening the cap- 
sules. After hydrogen and vacuum annealing the 
capsule material, the capsules were filled with suffi- 
cient distilled and deionized air-saturated water 
allow for expansion 600 without exerting hydro- 
Static pressure the walls. The capsules were then 
sealed means the degree cones and corrosion 
rate measurements made 600 

The results obtained are shown Figure They 
are not reproducible from specimen specimen 
those obtained with the thin-walled welded cap- 
sules, but reproducibility sufficient indicate that 
for low carbon steel wall thickness 0.153 inch 
compared 0.028 inch does not appear have any 
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Figure 8—Corrosion rates low carbon steel 600 water raised (cold) 10.6 


with 


major effect measurement corrosion rates 
hydrogen effusion high temperature. 

Some preliminary hydrogen effusion results have 
been obtained from dynamic systems the hy- 
drogen effusion method and hoped that signifi- 
cant results from this apparatus may reported ata 
future date. 
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DISCUSSION 


Question Draley, Argonne 
National Laboratories, Lemont, 


INCHES 


Have you made any observations 
0.0001 whether not films the 
outside the capsules (corrosion 
product otherwise) influenced 
the rate hydrogen effusion? 


experiments have been carried 
out for the purpose investigat- 
ing this possibility. However, some 
the capsules did develop blue oxide films their 
outer surfaces during the experiments, probably due 
small amounts air leaking into the vacuum 
systems. significant differences were observed 
between corrosion rates the capsules having films 
and otherwise identical capsules without films 
their outer surfaces, indicating that the films have 
effect hydrogen effusion rates. 


Any discussion this article not published above 
will appear the June, 1957 issue. 
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Theoretical Studies and Laboratory Techniques 
Sea Water Corrosion Testing 


LaQUE 


Introduction 


UCH HAS been learned about the behavior 
metals sea water through laboratory investi- 
gations. Such tests are particularly useful studying 
the corrosion processes which metals are attacked 
and the reasons for and extent the superiority 
one metal over another might used some 
practical application. Controlled tests are especially 
useful appraising the merits new modified 
alloys and screening number possible compo- 
sitions tests small specimens that the large 
scale trials required for final evaluation can re- 
stricted those alloys that show the most promise 
the laboratory studies. This paper will describe 
the nature some these laboratory tests and will 
outline the advantages and disadvantages each 
with some notes precautions taken plan- 
ning tests and interpreting their results. 


Composition Testing Solution 


Solutions sodium chloride have been chosen fre- 
quently students corrosion convenient en- 
vironments which carry out studies the 
nature corrosion and corrosion processes. One 
the attractive features such chloride solutions 
the ease with which they can prepared cover 
broad range salt concentration with its effects 
electrical conductivity, oxygen solubility 
special activities the chloride ion. There is, there- 
fore, great body data corrosion solutions 
sodium chloride. Unfortunately, however, there 
has been too much yielding the natural temptation 
assume that behavior such pure sodium chloride 
solutions may provide useful measure perform- 
ance the much more complex natural sea water. 

There also has been inclination, occasion, 
justify the use the simpler chloride solutions 
the claim that thereby the research project has been 
given fundamental character compared with the 
“practical” studies undertaken with the natural sea 
water composition. some cases, these so-called 
fundamental programs have been merely over-simpli- 
fied studies which the investigator evidently de- 
cided that the difficult deal with complexities 
sea water would easier ignore than cope 
with. 


Synthetic Sea Water 


the basis the known composition natural 
sea water varies from place place the 
oceans and seas, possible prepare synthetic 
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Abstract 


number laboratory tests can used advantage 
determine the behavior metals sea water. 
Controlled tests are especially useful appraising 
the merits new modified alloys and screening 
number compositions tests small specimens 
that large scale trials required for final evaluation 
can restricted those alloys that show the most 
promise laboratory tests. 

Sodium chloride solutions offer certain advantages 
laboratory testing but results obtained many 
cases are not the same would obtained the 
more complex natural sea water. The composition 
satisfactory synthetic sea water solution given. 
Data are given show the correlation between cor- 
rosion rates copper alloy specimens natural sea 
water and synthetic sea water. Results com- 
parative spray tests using natural sea water and 
synthetic sea water also are reported (for cold rolled 
steel and zinc.) 

The apparatus used making simple immersion 
tests pictured. The effects high velocity and 
turbulence are discussed detail and results such 
tests are reported for number metals. Results 
jet impingement tests are also given. 

The apparatus used making corrosion fatigue 
tests metal specimens exposed sea water 
described. Other topics discussed include crevice cor- 
rosion, galvanic potentials and polarization, and 
cavitation erosion. 


sea water solutions which are reasonably typical 
what may encountered. These synthetic sea water 
solutions vary from relatively simple mixtures the 
principal constituents natural sea water quite com- 
plex solutions which include practically all the 
compounds likely present. Probably the best 
these solutions the one first prepared May 
tory and subsequently adopted the American 
Society for Testing Materials under Designation 

For convenient reference, the composition this 
synthetic sea water solution and instructions for its 
preparation are included here Appendix 
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COMPOSITION 
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Figure 1—Corrosion test flat bar specimens. Tip velocity was 
feet per second. 
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SUBMERGED 


° 300 600 700 1000 1600 
HOURS 


Figure 2—Comparative spray tests cold rolled steel. Code 

curves follows: tests this brine; 20% NaCi— 

spray tests this brine; test racks feet from 

ocean; tests racks 800 feet from ocean; sub- 

merged—sea water immersion tests; SSW—salt spray tests synthetic 
sea water; NSW—salt spray tests natural sea water. 


COMPARATIVE SPRAY TESTS 


IMMERSION 


WT. LOSS, GMS./24 SQ. IN. 


° 100 300 500 700 1000 1500 
HOURS 


Figure 3—Comparative spray tests zinc. Code curves fol- 

lows: tests this brine; 20% tests 

this brine; test racks feet from ocean; 

exposure tests racks 800 feet from ocean; submerged—sea water 

immersion tests; SSW—salt spray tests synthetic sea water; NSW— 
salt spray tests natural sea water. 
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Comparisons Tests with Synthetic 
and Natural Sea Water 


Natural sea water more than chemical 
tion. liquid world that populated many 
micro and macro-organisms, plants and animals that 
can have great effects deterioration metals 
electrochemical, chemical, mechanical (abrasive) ac- 
tion plus combinations these effects. Thus, tests 
made with even the most nearly complete duplication 
the chemical composition sea water solutions 
natural sea water salts often fail yield results 
that will agree with those secured under otherwise 
similar testing conditions with sea water taken di- 
rectly and immediately from the sea. This can 
illustrated tests certain copper alloys carried 
out complex synthetic sea water the 
Naval Engineering Experiment Station Annapolis, 
Md. and natural sea water Kure Beach, 
The testing apparatus and the testing conditions, 
except for the corrosive medium, were identical and 
the specimens came from the same lots material 
divided between the two test locations. Typical re- 
are shown Figure 


Figure shows that the natural sea water was 
much more aggressive than the synthetic solution 
the brackish Severn River water. equal impor- 
tance, was the fact that the relative performance 
the several alloys tested was not the same the 
different environments. Thus the use the synthetic 
solution not only failed disclose the 
tensity the corrosive effect but also failed indi- 
cate the proper order merit the alloys investi- 
gated. 


Use Synthetic Sea Water Salt Spray Tests 


Synthetic sea water acts more like natural sea 
water tests designed study resistance sea 
spray salt atmospheres (e.g., the common salt 
spray test.) This does not mean that conventional 
salt spray test good way study corrosion 
the atmosphere—even salt atmosphere. means 
only that synthetic sea water corrodes metals 
salt spray box more like sea water does salt 
spray box than the case with the straight sodium 
chloride solutions used the standard salt spray 
tests specified the American Society for Test- 
ing certain government bureaux and 
other writers specifications who feel that results 
the standard salt spray test one employing acidified 
solution® have practical scientific value greatly 
excess any recognized the present 

Some illustrative data reported May and 
have been reproduced Figure cover- 
ing tests steel and Figure covering tests zinc. 

will seen, especially the case the tests 
with zinc, that spraying synthetic sea water (SSW) 
made described Appendix gave results 
good agreement with those secured spraying nat- 
ural sea water will noted also that 


@) Natural sea water cannot be sprayed through the nozzles used in 
standard salt spray boxes since it clogs them very quickly. It is neces- 
sary to eliminate suspended matter by passing the sea water through 
sand filters ahead of the spray nozzles, 
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Figure 4—Corrosion rate versus specimen angle for cold rolled steel. 


both the natural and synthetic sea waters were much 
less aggressive towards than the simple sodium 
chloride solutions exposure near the ocean 
(80 and 800 feet distant), that the more concentrated 
brine was more corrosive zine and that the dilute 
brine was more corrosive steel. 

Finally, both the natural and synthetic sea water 
sprays were less corrosive than natural exposure 
salt atmosphere close the ocean the case 
steel and sea water well the case zinc. 

Preliminary studies these investigations showed 
that since, salt spray box chamber, the salt 
fog tends settle vertically, the angle exposure 
test specimens can have great effect results, 

ensure maximum opportunity for attack and 
favor reproducibility results, all flat specimens 
should exposed the same angle which should 
from degrees from the horizontal. Under 
such conditions corrosion will occur predominantly 
the upward facing surfaces. The distribution 
corrosion specimens having more complicated 
shape will erratic—depending the shapes and 
contours the specimens. 


Simple Immersion Tests 


Laboratory studies involving natural sea water 
the testing medium must carried out with the 
attention external controlling factors 
when any other corrosive medium used. The most 
important these factors are aeration (content 
dissolved oxygen other gases), temperature and 
velocity. guide the necessary control these 
factors provided the American Society for Test- 
ing Materials Recommended Practices for Continu- 
ous and Alternate Immersion Corrosion 

simple immersion tests the type considered 
here there interest observing the peculiar 
erosive effects sea water moving high velocity. 
This will dealt with separately. Control velocity 
simple immersion tests generally for the pur- 
pose securing reproducible velocity conditions. 
should kept mind that difficulties are encoun- 
tered achieving zero velocity reason effects 
vibration and thermal convection currents and 
the agitating action corrosion products 
stream over the surfaces below where they are 
formed. simple device for achieving moderate, 
uniformly distributed and reproducible velocity (e.g., 
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Figure 5—Vertical circular path test apparatus. 


about feet per minute), the vertical circular 
path apparatus first described Fraser, Ackerman 
and and later This device 
shown Figure 

view the importance corrosion the minor 
constituents natural sea water which are present 
such low concentrations that they may become 
exhausted the early stages corrosion test, the 
best practice locate the laboratory the ocean. 
This done that continuous supply sea water 
can passed through the test container means 
appropriate feed and overflow arrangement. 
Otherwise, the sea water should replaced fre- 
quently the available supply will permit. 

When there plentiful supply unpolluted 
water taken directly from the ocean its natural con- 
tent dissolved oxygen usually will sufficient 
accommodate the possible corrosion reactions. When 
the rate renewal must restricted because lim- 
ited supply difficulties temperature control 
possible keep the dissolved oxygen content the 
air saturation level bubbling compressed air 
through sintered glass alundum aerators, 
shown Figure Other gases can introduced 
the same manner desired. 

The simplest way control the temperature the 
testing solution immerse the test container 
thermostatically controlled water oil bath equipped 
with electric immersion heaters. 


Deposit Attack Crevice Corrosion 

practice, corrosion sea water frequently 
occurs especially troublesome form around 
crevices. Such crevices may associated with loosely 
attached marine organisms other solid debris, 
within bearings, under packing, around shafts and 
valve stems and generally wherever there are closely 
fitted surfaces that are not sealed water-tight. 
study resistance such attack under controlled and 
reproducible conditions presents difficult problem. 

Some investigators create the desired corrosive 
conditions simply placing small pile clean 
silica sand the upper surface immersed 
horizontal specimen. standardizing the volume 
the sand, the dimensions the specimen and the 
area covered, possible achieve fair degree 
reproducibility the testing conditions. 
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Figure 6—Arrangement used determining the relationship between 
area effects and crevice corrosion. 


AVERAGE WEIGHT GRAMS 


AREA OUTSIDE CREVICE 


Figure 7—Relationship between area outside crevice and average 
weight loss. 


Another means that has been used create crev- 
ices has been simply wrap elastic band, string 
wick around specimen. This presents diffi- 
culty, however, reproducing the pressure and 
continuity the contact from specimen specimen. 

Crevices can formed bolting one piece 
metal another metal other material an- 
other piece the same metal. The importance 
area effects studying crevice corrosion was illus- 
stainless steel which the size the piece that was 
attached another piece the same alloy was varied 
set-up illustrated Figure The total corro- 
sion measured both weight loss and depth 
attack that occurred the anodic areas within the 
crevices was found dependent the extent 
the freely exposed cathodic areas outside the crev- 
ices, shown Figures and 

Thus, once the dimensions test specimen and 
the relative areas within and without crevices have 
been established the extent possible corrosion 
within the crevices will also established and the 
results will applicable only situations where 
similar area relationships will exist. 


many instances, and especially with materials 
that owe their resistance corrosion condition 
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AVERAGE MAX. PIT 


AREA OUTSIDE CREVICE 


Figure 8—Relationship between area outside crevice and average 
maximum pit depth. 


passivity supported free supply oxygen 
other oxidizing influences, corrosion may confined 
crevices while the freely exposed surfaces will re- 
main free from attack. This occurs not only because 
their greater accessibility protective oxygen but 
also because the electrochemical protection they 
will given the electrical currents flowing 
them from the anodic areas within the crevices. 
When the test set-up such that corrosion occurs 
crevices (e.g., where the specimens rest are held 
place), other corrosion may observed and 
the effects that desired study will masked 
overpowered the results crevice corrosion. 

extremely difficult avoid crevice corrosion 
stainless steels tests sea water. the several 
greases, caulking compounds and the like that have 
been experimented with seal crevices otherwise 
avoid corrosion within them, ordinary zinc oxide 
ointment, purchased drug store, has been 
found most effective and most reliable. 


Effects High Velocity and Turbulence 


Many applications metals marine service re- 
quire them able withstand the erosive effects 
sea water moving high velocity. Such conditions 
are encountered propellers, rudders, struts, ships’ 
hulls, pump impellers, tubes steam condensers and 
other heat exchangers, salt water piping, valves and 
evaluate resistance such erosive effects and 
study the mechanisms damage under such 
cumstances. 


The achievement exact and reproducible 
relative motion between test specimen and liquid 
not easy. The problem complicated skin 
friction effects and the tendency liquid 
move with object rotating within otherwise 
passing through it. 

There are three principal ways achieving 
locity effects. One attach specimens disc 
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Figure 9—Apparatus used spin test discs. 


which can whirled through the water 
inclined The specimens can 
bars that project like the spokes ship’s steer- 
ing wheel beyond the periphery they can 
attached like sections tires the rim rela- 
tively thick they can fastened the 
surface disc any appropriate radius. any 
case, necessary provide electrical insulation 
between specimens different composition, be- 
tween specimen and metallic except such 
cases electrical connections may made delib- 
erately observe galvanic cathodic protection 
phenomena. 


second method move the specimen itself 
around its vertical axis flat specimen the form 
disc that can whirled any desired 


Except the case specimens shaped conform 
the radius the rim thick and the prin- 
cipal surfaces cylinder rotated around its vertical 
axis, all these methods exposure involve ve- 
locity gradient over the surface the specimen 
depending the radius rotation. Since, many 
practical applications, similar opportunities for ve- 
locity gradients exist and certain mechanisms 
damage are dependent effects differential ve- 
locities, this may desirable feature test 
method. achieved high degree tests made 
spinning flat disc set-up such shown 
Figure The appearances some copper alloys 
after such test are shown Figure and the 
quantitative results for these specimens terms 
loss thickness function apparent velocity 
Figure 11. 

There temptation assign some absolute 
significance the apparently critical velocities which 
mark the boundary between practically attack and 
very considerable attack. Apart from questions 
the true relative velocity between the metal and the 
water, the locations the attacked and unattacked 
zones and the rate attack where most severe 
related apparent velocity are influenced elec- 
trochemical action between the attacked and un- 
attacked surfaces. This action may the result 
differences potential between bare metal surfaces 
and those covered adherent corrosion products 
other films, may the result different rates 
removal soluble metal corrosion products 
give rise metallic ion concentration cell action. 
Since such electrochemical cells effects current 
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2 


Figure 10—Appearance discs after testing. Composition discs 

follows: Upper left, Admiralty brass; upper right, high iron 70-30 

cupro-nickel; lower left, high iron 90-10 cupro-nickel; lower right, 
low iron 70-30 


22 


COPPER NICKEL 
HIGH IRON 


DEPTH ATTACK -MILS 


F.RS. 


Figure 11—Effect velocity depth attack sea water Kure 
Beach, Duration test was days. 


density and electrical resistance are important, the 
dimensions the test specimens are critical factors 
that will influence the results. Thus, the apparently 
critical velocity indicated tests with one size disc 
will not the same that indicated tests using 
smaller larger disc. This was illustrated 
series tests with iron discs having different diam- 
eters but spun the same number revolutions 
per minute. The results are shown Figures 
and 


will observed that the case iron the 
greatest attack occurs the surfaces towards the 
center that move more slowly. The iron surfaces 
towards the periphery become passivated the 
greater amount oxygen that reaches them that 
they become cathodic the more slowly moving 
anodic surfaces towards the center and are given 
substantial degree cathodic protection. 


307t 


ned 
but 
hey 
eld 
and 
ion 
COPPER NICKEL 
4 
cts 
ind 
ind 
ble 
nid 
Kin 
. 
1SC 


ASSOCIATION CORROSION ENGINEERS 


“ 


Gee 


Figure 12—Cast iron discs used rotating spindle test. Diameters 
discs, reading left right, are inches, inches and inches. Test 
was conducted for days 


CAST IRON 


AREA 
COVERED 


WASHER 
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Figure 13—Effect velocity depth attack sea water. 


For these reasons, results tests with spinning 
discs are only relative. Comparisons should made 
only amongst specimens having the same diameter, 
and surface finish and rotated the same speed for 
the same length time and preferably the same 
time. 

attaching specimens non-metallic discs 
different radii and appropriate electrical connec- 
tions possible observe and measure the differ- 
ences potential and flow corrosion currents that 
are associated with different rates movement 
with the retention loss protective films. 

simple way achieve velocity effect 
use specimen the form tube pipe through 
which water can made flow any desired rate. 
Relatively short specimens—nipples—can assem- 
bled series means insulating couplings and 
attached appropriate manifold flow box, 
such shown Figure 

Electrical connections can made the outer 
surfaces such tubular specimens order ob- 
serve galvanic potentials combine metals 
galvanic couples with means for measuring galvanic 
currents, shown Figure 15. 


Jet Tests 


obvious way subjecting metal the ef- 
fects highly localized turbulence place sub- 
merged specimen the path high velocity jet. 
This technique was developed high degree 
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Figure 14—Flow box used testing short 
samples. 


British investigations inlet end corrosion con- 
denser tubes started Bengough and his 
associate and continued the latter and 
his colleagues the laboratories the British Non- 
Ferrous Metals Research These inves- 
tigators became impressed with the importance 
entrained entangled air bubbles 
impingement attack and developed fairly elaborate 
mixing chambers which measured amount 
air could introduced into the jet stream. 


They also provided means for controlling the size 
the air bubbles which they considered crit- 
ical, described their papers. 


These British jet tests were carried out labora- 
tories remote from the sea that was necessary 
transport sea water the laboratories carboys. 
Because the limited supply, was necessary 
use the sea water over and over again recircula- 
tion system. Identical apparatus has been operated 
the Inco test stations Kure Beach and Harbor 
Island, (See Figure 16.) 

Kure Beach there unlimited supply sea 
water which makes possible discard water after 
has passed through the apparatus only once. Un- 
der otherwise identical testing conditions the once 
through water much more aggressive vulnerable 
materials such aluminum brass, which does not 
demonstrate its usual advantage over Admiralty 
Brass the once through tests. order get com- 
parable results necessary reduce the jet 
velocity the once through tests about feet 
per second instead the feet per second velocity 
ordinarily used the British tests with recirculated 
water. When the apparatus Harbor Island op- 
erated with recirculated water results are secured 
that agree well with the British results with their 
recirculated water. 

Another peculiar result the tests Harbor 
Island that case have air bubbles been found 
necessary produce the impingement attack 
for which air bubbles are claimed essential 
the British tests. These differences results were 
examined and discussed paper Gilbert and 
from which the illustrative data Tables 
and have been reproduced for convenient refer- 
ence. 

From the practical point view, has been pos- 
sible make proper rating condenser tube alloys 
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NICKEL LUG~SILVER BRAZEDTO 
SPECIMEN, MONEL STOVE BOLT, 
END OF WIRE SOFT SOLDERED 
TO LUG 


CALOMEL HALF CELL CIRCUIT 
(SWITCH OPEN) 


POTENTIOMETER 
FOR CLOSED 
OROP 


SS 


LONG 

PAINTED 
(SEE TEXT) 


NICKEL 


BAKELITE COUPLING TERMINAL 


SPECIMEN RUBBER INSUL. 
COPPER WIRE 


SOFT RUBBER GASKET 
CEMENTED TO 


SPECIMEN CALOMEL HALF 


CELL CIRCUIT 
(SWITCH OPEN) 


NICKEL PLATED BRASS BINDING 
POST-NICKEL SILVER NUTS 
PERMANENTLY FASTENED TO 
A CENTRAL BOARD 


Figure 15—Apparatus used measure galvanic potentials tubular 
specimens. 


Figure 16—A recirculation system 
corrosion tests. 


TABLE Attack Condenser Tube Alloys 
Tested Several Ways 


| Depth of Impingement 
| Attack (mm) 
Recircu- ft/sec 
lated 15 ft/sec | Recircu- | 4 ft/sec 
water 15 ft/sec |oncethru| lated once thru 
| 15 ft/sec | once thru) water at | water at | water at 
| BNFMRA| waterin | Harbor | Harbor Harbor 
MATERIAL Lab. England Island Island Island 
Arsenical Admiralty} 0.34 | or 0.28 0.28 0.15 
Arsenical Alumi- | 
num Brass......| 0.04 0.20 0.01 
90:10 
70:30 
12% Iron. 
20.8% Iron. 


with respect their resistance impingement at- 
tack ordinarily may encountered con- 
densers, the use either the British technique 
with recirculated water the Harbor Island practice 
with once through water provided appropriate jet 
velocity employed. The condition must severe 
enough discriminate between good and poor alloys 
being drastic cause severe attack 
all compositions. 

Modifications the jet test set-up have been de- 
vised permit the electrical potentials the 
areas under the jets measured during the 
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Figure 17—Film potential curves arsenical 70-30 brass and alumi- 


num-brass exposed impingement attack. 
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Figure 18—Corrosion aluminum brass impingement area versus 
exposed area outside jet. 


course this means the formation and 
break down protective films can traced 
changes the potentials observed. The rate re- 
pair protective films destroyed deliberately 
mechanical scratching also can observed and thus 
estimate the ability the alloy recover from 
the effects temporarily severe conditions can 
made. Typical observations this sort are shown 
Figure 17. 

Since the mechanism jet impingement attack 
involves electrochemical action between the bare sur- 
faces under jet and the filmed surfaces away from 
it, would expected that the dimensions and area 
the specimens might have effect the results. 
That this the case was shown tests which 
the specimen which the jet impinged was first 
increased size and then connected electrically 
other specimens the same alloy submerged 
relatively quiet water away from the jet stream. 
the total area away from the jet was made larger 
(thus providing larger cathode with less opportu- 
nity for cathodic polarization) the intensity the 
attack under the jet was increased, shown the 
data Figure 18. 

For reproducible results, therefore, necessary 
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Figure 19—Apparatus (disassembled) for po- 
tential measurements high velocity sea 
water. 


Figure 20—Apparatus used control rate flow sea water over 
the surfaces stationary specimens. 


TABLE 2—Results Jet Impingement Tests With British Non- 
Ferrous Metals Research Association Apparatus Harbor 


Depth Impingement 
Attack (mm) 


| Arsenical 
% Air Temp, Admiralty | Aluminum 

Water System Added | Degrees C, Brass Brass 
Once through........... 0.37 test 

| 20 | 0.361 0.15? 

0.22 0.16 
Once through: 0 15 | 0.15 No test 

3 | 208 | 0.343,4 | 0.043,5 

| 0 25 0.27 0.00 

Note: Duration of Test: 28 days 


Velocity of Jet: 15 ft/sec 
1 Range 0.20 to 0.61. 
2 Range 0.08 to 0.23. 
3 Test made in England, 30-day run. 
4 Range 0.14 to 0.51. 
5 Range 0 to 0.66 (one specimen out of 20 pitted to depth of 0.66 mm. No 
impingement attack greater than 0.02 mm.) 


TABLE 3—Potentials Standard Half Cells (Potential Referred 
Standard Hydrogen Electrode) 


Half Cell 


Voltage 
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standardize the dimensions jet test specimens, 


Galvanic Potentials and Polarization 


Since metals are frequently used metallic con- 
tact with other metals sea water there are many 
opportunities for galvanic action leading accel- 
erated corrosion the less noble metal and galvanic 
protection the more noble one. The probable di- 
rection such galvanic action indicated 
arrangement metals galvanic series based 
observed differences potential various metallic 
couples potentials measured against stand- 
ard reference half cell. The most commonly used half 
cells sea water potential measurement are the 
calomel half cells (the saturated one usually 
favored), silver: silver chloride half cell or, less 
commonly, copper: copper sulfate half cell used 
underground cathodic protection investigations. 
For convenient reference, the potentials these half 
cells referred the standard hydrogen 
electrode are given Table 


Since the potentials metals sea water are 
influenced its oxygen content, temperature and 
velocity necessary record and control these 
factors any tests designed yield reproducible 
results. The observed potentials also change—usually 
the more noble direction corrosion product films 
are formed. necessary, therefore, continue the 
exposure until stable film has developed and 
steady potential has been reached. The time required 
for this occur varies through wide limits but 
ordinarily exposure about two weeks under 
controlled conditions should suffice yield reason- 
ably steady and reproducible values. 


The steady state and reproducibility values are 
especially difficult achieve with alloys such the 
stainless steels which exhibit sort border-line 
passivity sea water. These alloys frequently show 
widely fluctuating potentials passivity de- 
stroyed and restored erratic manner. Active 
potentials are especially favored the occurrence 
corrosion the crevices that exist where the 
specimens are held their supporting devices 
fixtures. 

Such potential measurements have been described 
and reported LaQue and and Huston 
and galvanic series based such measure- 
ments provided for convenient reference Ap- 
pendix 

which permits ready control the 
rate flow sea water over the surfaces sta- 
tionary specimens shown Figures and 20. 
This apparatus especially useful for studying po- 
larization phenomena since specimen the metal 
polarized can placed one side the 
chamber opposite parallel platinum specimen which 
can serve anode for cathodic polarization 
cathode for anodic polarization. 

Since polarization sea water function 
time well current density has been found 
desirable use single specimen for each current 
density investigated rather than subject 
single specimen series increasing decreas- 
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Figure 21—Cathodic polarization low carbon steel sea water 
flowing 7.7 feet per second. Test area 2.875 square inches. 


ing current densities without allowing much time for 
equilibrium established any one current 
density. 

Applying single and constant current density 
each specimen permits observations the effect 
time polarization and the establishment rela- 
tions between current density, potential and corro- 
sion, illustrated the data for steel Figure 21. 


While possible estimate the probable mag- 
nitude galvanic effects from potential 
zation measurements usually desirable meas- 
ure galvanic action directly observing the 
differences corrosion between coupled 
coupled specimens exposed and for the same time 
under identical conditions. This can supplemented 
measurements current flow couples. Care 
should taken keep the electrical resistance 
the measuring circuit low possible (e.g., 
using shunts not more than ohm resistance 
some cases electrical hook-ups that introduce 
zero resistance the galvanic circuit.)** some 
cases the electrical arrangement can shown 
Figure where the current measuring shunt 
made part the circuit only when current being 
measured. The current measured will probably 
less than would flowing most the time but 
the current measurements made this way will 
provide another basis for comparing the relative 
galvanic action different couples. 


Since many the factors such polarization and 
resistance are affected the current densities in- 
volved and the geometry the system neces- 
sary take area effects into account planning and 
interpreting galvanic corrosion tests. This was illus- 
trated series experiments with couples 
iron and copper which yielded the data shown 
Figure 22. From this, may concluded that most 
galvanic couple tests can yield only qualitative re- 
sults which will apply directly only where identical 
area relationships and geometrical arrangements will 
exist. 
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Ratio Area Copper Area Galvanic Couples 


Figure 22—Effect area copper cathode galvanic corrosion 
iron anode aerated percent sodium chloride. Area iron anodes 
0.047 dm; area copper cathodes 0.024 0.94 dm. 


PARTS IDENTIFICATION 


1 = DRIVING MOTORG//4 HP, 1728 RPM. 
2 - ORAW BOLT FOR SECURING SPECIMENS 
3- SHAFT AND SPECIMEN HOLOER 
4 PILLOW BLOCK AND BEARING 
S- METAL, SPRAY DEFLECTOR RING 
6- SPECIMEN 
7 RUBBER, SPRAY DEFLECTOR RING 
@- SPLASH PAN AND Cover 
9- BEARING 
REVOLUTION COUNTER 
LOADING LINKAGE 
12- ROO CLAMP 
13~ LOADING AND UNLOADING LEVER 
14- SOLENOID 
1S - SPRING 
16- CATCH 
(7 STARTING SwiTcH 
18- COUNTERWEIGHT 
19- WEIGH LOAD 

20- WATER SPRAY NOZZLE 


Figure 23—Rotating cantilever fatigue test apparatus. 


Corrosion Fatigue Tests 


The abilities metals withstand repeated 
stresses, the case rotating shafts, etc., are 
reduced the corrosive action salt water. The 
corrosion fatigue limit thus established much 
lower than the endurance limit air. This recog- 
nized, for example, the testing salt water pump 
shaft and propeller shaft materials. The test specimen 
carefully machined bar that loaded beam 
while rotating normal shaft speeds contact with 
the salt water. Salt water made drip over the 
test specimen while being rotated under load, 
shown Figure 23. 


Failure occurs eventually cracking. Materials 
are rated terms corrosion fatigue limit which 
the maximum value repeated stress that the ma- 
terial will withstand for specified number appli- 
cations stress the corrosive environments. 

The effect cyclic stress corrosion rate may 
illustrated very well the results laboratory 
tests that were designed simulate the conditions 
encountered ocean-going gasoline cargo tankers. 
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Figure 24—Overall view device which 
cantilever test specimens were exposed. 


Figure 25—View cantilever tests specimens test device. 
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Figure 26—Apparatus used induce cavitation high frequency 
vibration. 


cantilever test specimens have been exposed 
chamber that successively filled with gasoline for 
days, empty for day, filled with sea water for 
days and empty for days. This cycle repeated 
throughout the test period. Simple test bars ex- 
posed without applied stress along with tapered 
cantilever specimens the same materials are simul- 
taneously subjected repeatedly applied reversing 
stresses. One-quarter inch thick eight inch test 
specimens are deflected one end inch each way 
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from the unstressed position. After 239 days carbon 
steel specimens under the cyclic stress conditions 
failed cracking. 

Corrosion rates these specimens were more 
than twice those the unstressed specimens, 
shown Table 


Presumably the repeated flexing caused the rust 
scale break away from the stressed specimens and 
thus permit attack proceed the relatively high 
initial rate without the restraining effect the rust 
that adhered the unstressed specimens. 

tanker service the hull plates and bulkheads are 
subject repeated flexing that results conditions 
that cannot reproduced tests with simple 
specimens placed the tankers. Service tests 
carbon steel and low alloy high strength steels the 
form simple unstressed test coupons have ordi- 
narily revealed appreciable differences 
corrosion rates. the laboratory cyclic stress test 
just described where the carbon steel specimens 
failed cracking 239 days low alloy high 
strength steel has continued test without cracking 
for more than 700 days. This better than 3:1 differ- 
ence performance under cyclic stress conditions 
would not have been predicted tests unstressed 
coupons. 


Cavitation Erosion 

There really good laboratory test for measur- 
ing the abilities metals resist damage cavita- 
tion erosion sea water. The method that has been 
used most frequently induces cavitation high fre- 
the change length nickel tube rod 
becomes magnetized and demagnetized tune with 
high frequency magnetic field.) this connection 
refer Figure 

Specimens attached the nickel 
with suffer severe cavitation erosion. The erosion 
severe fact that considerable damage occurs 
minutes—the usual duration this sort test. 
The principal defect this method that gives 
distorted result exaggerating the mechanical 
forces cavitation erosion the expense the 
corrosion phenomena which not have time 
contribute their proper share the overall effect 
the short time that the test runs. Thus hardness 
becomes more important than corrosion resistance 
determining the relative merits different metals 
and alloys resisting cavitation erosion. 


Comparing Corrosivities Different Waters 
Having established reproducible rate corro- 
sion particular metal, such iron (steel) 
copper under specified reproducible conditions 


TABLE 4—Corrosion Steels Gasoline Sea Water Environment 


Corrosion Rate 


SAMPLE | 
Carbon Steel—Cyclic stress applied during test........... .| .020 Ipy 
Carbon Steel—No stress applied during test............. | .008 Ipy 
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exposure salt water from particular source 
should possible compare waters from different 
sources their relative corrosivities—at least 
with respect the metals used for comparison and 
under similar conditions exposure. view 
these limitations the significance the compari- 
sons there has not been much inclination assess 
the corrosivity salt water this fashion. 


However there has been special interest apprais- 
ing the peculiar corrosivity polluted salt waters. This 
has stemmed from investigations impingement attack 
jet tests carried out laboratories—such that 
the British Non-Ferrous Metals Research Asso- 
ciation—in which the water used for tests trans- 
ported and used over considerable period time. 
was observed that standard materials, such 
Admiralty Brass, corroded greatly different rates 
under the same testing conditions waters from 
different sources. This was particularly true with 
polluted brackish estuarine waters. 

more less quantitative measure the cor- 
rosivity such waters was achieved standard- 
ized test which involved exposure copper corro- 
sion the waters under specified The 
amount copper milligrams taken into solution 
under the prescribed testing conditions was called 
the Copper Corrosion Index. Unpolluted sea water 
full salinity would show index number under 
10—frequently around Polluted waters con- 
taining sulfides would show higher index number 
(e.g., high badly polluted waters.) These 
determinations had some value characterizing wa- 
ters and providing basis for explaining abnor- 
mally severe attack standard materials other 
apparent discrepancies comparisons different 
materials under nominally the same testing condi- 

Unfortunately, the Copper Corrosion Index figure 
for particular water sample does not remain con- 
stant. changes with the length and conditions 
storage the sample and may change during the 
progress particular test. These deficiencies were 
confirmed several investigations Harbor Island 
and after many attempts use the test rate 
predict corrosivities different water supplies the 
test was abandoned. 

The author understands that this test longer 
used extensively the British Non-Ferrous Metals 
Research Association investigators. Instead, they 
include specimens standard material—Admiralty 
Brass—in every test program and thereby provide 
measure the extent which the results may 
influenced some peculiarity the corrosivity 
the water used for the test. similar practice used 
the Harbor Island test station. There, however, 
the water not polluted, has almost constant 
salinity and, therefore, does not show much change 
corrosivity from time time beyond the natural 
seasonal effects temperature and population 
organisms. 


Conclusion 
the basis experience with corrosion testing 
salt water over the past years so, the author 
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has concluded that possible reach sound and 
useful conclusions tests are carried out carefully 
with proper control the testing conditions and, 
most important, the tests are planned properly and 
interpreted sensibly. 
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Appendix 


Standard Specification for Substitute Ocean Water— 
American Society for Testing Materials 
Designation: 

Reagents 

Stock Solution No. Dissolve the indicated 
amounts the following salts distilled wa- 
ter and dilute total volume 7.0 liters. 
Store well-stoppered glass containers. 


(b) Stock Solution No. Dissolve the indicated 
amounts the following salts distilled wa- 
ter and dilute total volume 7.0 liters. 
Store well-stoppered glass containers. 


(c) Stock Solution No. Dissolve the indicated 
amounts the following salts distilled wa- 
ter and dilute total volume 10.0 liters. 
Store well-stoppered amber glass containers. 


0.546 


Note: make the addition the 
above solution, dissolve 0.049 distilled 
water and dilute liter. Add 100 this solu- 
tion Stock Solution No. before diluting 10.0 
liters. 


Preparation Substitute Ocean Water 

Dissolve 245.34 NaCl and 40.94 anhydrous 
Na,SO, liters distilled water. Add 
slowly with vigorous stirring, 200 Stock 
Solution No. and then 100 Stock Solution 
No. Dilute 10.0 liters. Adjust the 8.2 
with 0.1 NaOH solution. Only few milliliters 
NaOH solution should required. 
Note: The solution should prepared and the 

adjusted immediately prior use. 


Preparation Substitute Ocean Water 
with Heavy Metals 
Add Stock Solution No. slowly, and 


@ All the information given in Appendix A is from ASTM Standards; 
1952, Part 7, Page 1242. 
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with vigorous stirring, 10.0 liters the substi- 
tute ocean water prepared described Section 


Chemical Composition Substitute Ocean 


Concentration, 

Compound grams per liter 

NaCl 24.53 

5.20 

Na,SO, 4.09 

1.16 

KCl 0.695 

0.201 

KBr 0.101 

0.027 

0.025 

NaF 0.003 

0.0000994 

0.0000340 

0.0000308 

0.0000151 

0.0000066 

AgNO, 


®) Chlorinity of this substitute ocean water is 19.38. Chlorinity, as 
used in these specifications, is an oceanographic term and is a meas- 
ure of total halides in sea water which are precipitated by silver nitrate 
It is numerically defined as the weight of silver required to com- 
pletely precipitate the halogens in 0.3285 kg of ocean water. 


@) The pH (after adjustment with 0.1 N NaOH) is 8.2. 


Note: The substitute ocean water prepared in accordance with 
Section 5 will have the composition shown above the broken line in 
this table. The substitute ocean water with heavy metals, prepared 
in accordance with Section 6, will have the complete composition 
shown in this table. 


APPENDIX B—Arrangement Metals and Alloys Galvanic 
Series Based Potential Measurements Sea Water 


Steady Potential 
Negative Saturated 

METAL Calomel Half Cell, Volts 
Stainless Steel Type 430 (17% chromium)!...... 0.57 
Ni-Resist Cast Iron (20% nickel)............... 0.54 
Stainless Steel Type 304 (18% chromium, 8%... 

Stainless Steel Type 410 (13% chromium)!,..... 0.52 
Ni-Resist Cast Iron (30% nickel).............. 0.49 
Ni-Resist Cast Lron (20% nickel + copper)...... 0.46 
90:10 Cupro-Nickel (0.8% iron)..............++ 0.28 

70:30 Cupro-Nickel (0.06% iron)............... 0.27 
70:30 Cupro-Nickel (0.47% iron)............... 0.25 
Stainless Steel Type 430 (17% chromium)!...... 0.22 
Stainless Steel Type 316 (18% chromium, 

12% nickel, 3% molybdenum)!.............. 0.18 
Stainless Steel Type 410 (13% chromium)!. 0.15 
Titanium (high purity from iodide) 0.10 
Stainless Steel Type 304 (18% chromium, 8%... 

Hastelloy C. 0.08 
Stainless Steel Type 316 (18% chromium, 12% 

nickel, 3% 0.05 


Note: Velocity of flow: 13 ft./sec; Sea water temperature: 25 C (77 F) 

The stainless steels class exhibited erratic potentials depending 
the incidence of pitting and corrosion in the crevices formed around the specimen 
supports. The values listed represent the extremes observed and due to their 
erratic nature should not be considered as establishing an invariable potential 
relationship amongst the alloys covered. 
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Study Current Distribution 
Cathodic 


NELSON 


Introduction 
APPLICATION theoretical formulas 


potential gradient and current distribution be- 
tween electrodes has been discussed Kasper.’ 
Assuming that the potential the electrodes uni- 
form over their entire surface, shown that for 
infinitely long cylindrical anode and 
large plane cathode parallel the anode, the current 
density is: 


(1) 


where the perpendicular distance between the 
anode and cathode, the total current, and 
the distance from the axis the anode point 
the cathode which the current density equals 
For point anode and infinite plane cathode the 
relationship is: 


This derivation assumes either polarization 
uniform polarization and indicates the effect solu- 
tion resistance determining relative current 
various parts the cathode. 


Most practical anodes whether round, rectangular, 
shaped cross section are reasonably close 
approximation cylinders finite length and follow 


i= 


(3) 


r 


where the cathode infinite plane, pro- 
portionality factor and varies from the 
distance between anode and cathode increases rela- 
tive the length the anode, approaches These 
formulas show that ratios current densities 
various areas are independent resistivity and total 
current. 


The case when the cathode not equipotential 
surface has been discussed Hoar and who 
combine the effect resistance and cathode poten- 
tial current distribution the formula: 


AEc 

(4) 


where and are the currents two unit areas 


*% Submitted for publication November 7, 1956. A paper presented at 
the Thirteenth Annual Conference, National Association of Corro- 
sion Engineers, St. Louis, Missouri, March 11-15, 1957. 
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Abstract 


analysis made the effects solution resist- 
ance and cathodic polarization the current dis- 
tribution the cathodic protection metals. Two 
Kasper’s formulas relating the effect resist- 
ance are discussed. Hoar and Agar’s formula relating 
resistance and polarization current distribution, 
presented background, was modified and used 
the basis partially quantitative treatment 
the relative importance resistance 
tion influencing current distribution. shown 
that resistances can have much greater effect 
this respect than polarization. 

experimental method obtaining the current 
density various parts large cathode de- 
scribed and data obtained this. method are pre- 
sented. These show the distribution current 
large cathode sea water affected the magni- 
tude applied current and shields around the 
anode. Solution resistances are calculated from the 
data and compared with Kasper’s formulas. Using 
previously published data for the resistance paint 
films, calculations are presented showing the effect 
paint films current distribution. The advantages 
good paint coatings cathodic protection and the 
difficulties cathodically protecting unpainted struc- 
tures are discussed. 


cathode, and are the respective resistance 
these areas, AEc the difference potential 
cathode areas and and minus These 
authors emphasize that the slope the cathode 
potential-current curve rather than the magnitude 
the cathodic potential that influences current dis- 
tribution. seen that when the slope the 
potential-current curve large compared the 
resistances, the current distribution becomes more 
uniform. Conversely for relatively large resistances 
the current distribution primarily dictated the 
resistances. 
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SALT WATER 
STEEL 
SEA WALL 
EARTH FILL 


DISTANCE ALONG SEAWALL (FEET) 


Figure 1—Plan sea wall location current distribution measure- 

ments. The individual pilings were welded together give continuous 

cathode. The water was feet deep plus minus feet tidal 

action. The letters designate the positions which current density 
was measured. 


Influence Resistance and Polarization 

Using concepts very similar those discussed 
Hoar and relationship can derived show- 
ing the influence resistance and polarization 
proportional factors. The total voltage which drives 
the current from the anode the cathode must 
overcome the resistance the electrolyte, the buck- 
ing potential the two electrodes, and the resistance 
the metallic circuit. Since the bucking potential 
the anode and the metallic resistance are common 
all electrical paths between the anode and the 
various cathode areas they not determine rela- 
tive current densities. Subtracting the above quanti- 
ties from the total voltage the potential is: 


where and are the currents two different 
unit areas the cathode, and are the solution 
resistances the respective areas, and and 
are the bucking potentials these areas. 
open circuit potential the cathode and and 
are the polarizations the respective areas, then: 


rearranging the equations and dividing one 
the other the following relationship obtained: 


(8) 
Xo 


follows from Equations (1) and (2) that and 
vary the square the distance the first case 
discussed Kasper, and the cube the distance 
Kasper’s second case. Therefore, very large 
range possible most field installations. 
The possible range the ratio 

less. For most practical cases with water moist 
soil the conducting medium, and may achieve 
value not over 1.5 volts. Thus, all cases where 
appreciably more than 1.5, the range 


very much 


values small compared the possible 


— 1 
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larger than the greater and that polarization 
can greatly influence the current ratio. 

The study reported this paper was undertaken 
establish more quantitatively the relative impor- 
tance polarization and resistance current dis- 
tribution using full size models. 


Experimental 

large steel retaining wall constructed driven 
interlocking piling was selected the cathode. The 
water area front this wall was free any ob- 
structions electrical current flow such piers 
ships for radius more than 100 feet from the 
selected location the anode. plan view, shown 
Figure the wall corrugated with all the flat 
areas being approximately feet wide. The joints 
between piles had been bonded with weld that was 
inches long the direction the joint, inch 
long between the adjacent piles, and inch thick. 
believed that this produced sufficiently low elec- 
trical resistance for the 1500 foot length the sea 
wall. The wall extended feet above mean water 
level, feet the water and feet the earth 
bottom. Average tide was about feet. The surface 
the wall had been painted when originally con- 
structed but the time this test was essentially 
bare rusted surface. 

The water resistivity ranged from ohm- 
cms with the value being essentially constant during 
any particular set readings. 

The anode was “Duriron” rod feet long and 
inches diameter, suspended vertically extending 
from feet below the water approximately 
feet above the mud bottom. For most the tests the 
anode was inches out from the face the wall. 


Measurement Current Density 

Current density was measured nine positions, 
current density these points was obtained 
measuring the potential difference between two 
silver-silver chloride reference electrodes and divid- 
ing this difference the water resistivity. 

The principle this method has been discussed 
and used For this method 
accurate measure current density, necessary 
only have homogeneous medium and current 
which fairly uniform distance from the refer- 
ence electrodes equal the spacing between the 
electrodes. used this series tests two silver- 
silver chloride electrodes were mounted plastic 
strip one foot apart and the strip was suspended 
perpendicular the sea wall with the one electrode 
inches from the wall and the other inches away. 

ohm-cm water 1.64 are produced per 
ma/sq ft. This potential was measured with 100,000 
ohm-per-volt meter registering full scale. The 
high resistance was polarization the refer- 
ence cells. The reference electrodes were found 
have maximum difference their open 
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Figure 2—Current density influenced 
distance. 


circuit potential. This produced maximum error 
ma/sq the current density reading for which 
correction was attempted. 

second source error current densities 
was the naturally occurring corrosion currents that 
would affect the reading across the reference elec- 
trodes without correctly reflecting the current from 
the impressed voltage anode. These corrosion cur- 
rents were measured both and from the sea wall 
surface with values ranging ma/sq ft. These, 
course, were eliminated with increased applied 
current density and are considered source error 
only the low current density readings. 

The sea wall potential with respect copper- 
copper sulfate electrode was determined all the 
lettered positions, through (Figure 1). The po- 
tential difference between and any the other 
lettered positions gives the drop the solution 
between the anode and that position. 

The total currents 10, 20, 35, and amperes 
were successively applied the cathode for short 
times. Each current was adjusted and after lapse 


TABLE Densities and Potentials 


STUDY CURRENT DISTRIBUTION CATHODIC PROTECTION 
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Figure 3—Effect time current distribu- 

tion and potential. Total current cathode 

equals amperes. Dashed line represents data 

taken after current was minutes. The 
solid line for data after one week. 


minutes the current density and potentials were 
read. Then the next higher current was applied and 
the readings were repeated. Following this the cur- 
rent was kept amperes for one week and the 
readings taken. Then the current was kept 
amperes for additional week and the data taken. 
The data appear Table and are plotted Figures 
and 


Shielding 

The following test was run show the effect 
shielding. The “Duriron” rod was suspended only 
inches from the sea wall with shielding place. 
Fifty amperes were then supplied the sea wall 
cathode and readings were made. Then thirty-inch 
wide strip sheet plastic was suspended against the 
cathode form shield inches wide each 
side the anode and extending from above the 
water line the mud bottom. Fifty amperes were 
again used and the current densities the lettered 
positions were determined. The shield was increased 
inches each side the anode and the test 


50 
Amperes Total 


§ 10 20 | 35 | 50 | Current 
Distance Amperes Total | Amperes Total | Amperes Total | Amperes Total Amperes Total Applied 
Along Current Current Current Current Jurrent 1 Week 
POSITION 2.** 1.* 2.** 1.* 2.** 1.* 2.** 1.* | 2. 
\ 23 15 | 0.72 37 0.77 70 0.92 | 113 0.90 | 170 | 1.10 149 1.25 | 
B 6.25 3 | 0.69 ri 0.68 | 16 Oek | 22 0.74 | 37 0.79 25 1.00 |- 
C 10 3 | 0.69 5 |} 0.69 | 10 | 0.68 | 13 0.70 20 | 0.72 16 91 | 
D 17 5 | 0.66 | 5 | 0.66 5 | 0.65 } 7 | 0.66 9 | 0.65 13 72 
E 24 | 3 | 0.65 4 0.65 3 | 0.64 | 3 0.66 | 5 0.64 7 at 
I 31 2 | 0.64 2 0.66 —1 0.65 2 0.65 3 | 0.64 6 65 
G 38 —1 0.64 1 0.66 —1 0.65 0 0.65 | 1 | 0.65 | 4 65 
I 52 2 0.63 3 0.65 2 0.65 3 0.64 3 0.64 4 | 64 
1.01 — 1.51 — 2.2 2.85 3.6 3.70 | 


1.* Current density to cathode (milliamperes per square foot.) 
2.** Potential of cathode (volts negative to Cu-CuSOs.) 
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Figure 4—-Effect time current distribu- 
tion and potential. Dashed line represents data 
after minutes total current amperes. 
Solid line was taken after one week 
amperes followed one week amperes. 
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Figure 5—Effect shielding current dis- 
tribution. The anode was suspended one foot 
from the steel cathode. current equals 
amperes, 
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Figure density cathode potential. 


TABLE 2—Effect Shields Current Distribution 


node e of Anode of Anod 
POSITION | Feet ma/ft? ma/ft2 ma/ft2. 
B 6.4 19 Ad 67 
17 7 9 13 
31 2 3 4 
38 1 0 1 
TABLE 
POSITION Volts E-P Ohms R 


made before. The data are plotted Figure 
and recorded Table Curve represents only 
that part the current that could measured be- 
tween and This neglects the current between 
the anode and 


Figure plotted from the current density and 
potential data Table Curve represents total 
current amperes for minutes, curve for 
amperes after minutes, curve for am- 
peres after week, immediately followed 
amperes for week give curve 


Discussion 


Figure the curves show that current density 
falls off very rapidly with distance from the anode. 
Curve shows range from 170 ma/sq 2.3 feet 
feet. Even with additional time for polarization 
take effect the current distribution still very 
non-uniform indicated Figures and Con- 
sidering the solid curve for current density Figure 
and assuming ma/sq the desired current, 
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can calculated that the excess current flowing 
the overprotected area percent the total 
current. Additionally, can seen that the area 
receiving ma/sq better extends only feet 
each side the anode. This means that the areas 
farther away are left unprotected must pro- 
tected additional anodes. For the particular ex- 
ample being discussed, the current from second 
anode distance feet would add the cur- 
rent from the first anode that all points between 
the anodes would receiving over ma/sq ft. 
third anode placed additional feet away would 
add only slightly the current density between the 
first two anodes. 

Figure shows that good insulating material 
covering the cathode adjacent the anode aids 
spreading the current wider area. Thus, 30-inch 
shield each side the anode moved the 
feet. However, the cathode area near the edge 
the shield still received large excess current and 
the general shape the curves was not affected. 
Surprisingly little, any, effect was noted past the 
foot position. 

the potentials the cathode areas are sub- 
tracted from the potential readings taken the 
anode described above, the drops each 
position are obtained. Dividing these drops 
the corresponding current densities gives the resist- 
ance each unit area. Referring Equation (7) 

Table shows and for the test which 
the total current was amperes for one week fol- 
lowed amperes for one week. For this calcula- 
tion the readings low current density were con- 
sidered little value since the local currents were 
relatively large compared the impressed current. 
the data Table are considered with the rela- 
tion: 


E—P, 
ranges from 1.48. Thus, resistance has much 
greater effect determining relative current than 
does polarization. 

Figure the resistances calculated from the 
data Table excluding all values less than 
milliamperes are compared the relations 
and R=kD* where the resistance from the 
anode unit area the cathode and the 
distance from the anode the area. While not 
claimed that the data establish straight line rela- 
tionship, the points cluster about the line 
and the principal deviation toward This 
agreement with formulas (1) and (2). 

While the test data apply specifically bare 
metal, the current ratio formula also can indicate 
the effect paint. state that for num- 


seen that may vary from while 


STUDY CURRENT DISTRIBUTION CATHODIC PROTECTION 


—!000 


100 


SOLUTION RESISTANCE-ANODE TO UNIT AREA OF CATHODE (OHM PER FT2 


10 100 
DISTANCE ANODE TO CATHODE UNIT AREA (FEET?) 


Figure 7—Solution resistance function 

distance. Data are calculated from Table 

excluding all values less than milliamperes 
per square foot. 


ber paints which gave good corrosion protection 
the resistance was above ohms per (roughly 
10° ohms per ft). Thus, “good” paint would 
add 10° ohms both the numerator and denominator 
making this factor very nearly for all the 
distances considered this present test. This would 
make polarization prime importance and result 
almost uniform current distribution. Paints that 
gave “fair” corrosion protection were stated vary 
with time from 10° down 10? ohms per ft. 
this lower value added and Table 
the ratio the extreme ranges now only 4.9 com- 
pared for bare steel. this case resistance 
would about three times effective polariza- 
tion determining Paints giving corro- 


1 


sion protection were said range from initially 
down ohms per ft. 


Conclusions 


cathodic protection systems, where possible, 
desirable have relatively large distance between 


the anode and cathode. This makes the ratio ap- 


proach for large area the cathode. Where this 
distance cannot made large, such usually the 
active ships, would extremely 
difficult protect bare ship. great many anodes 
would required and much the current would 
wasted overprotected areas. good paint sys- 
tem very advantageous the proper functioning 
cathodic protection. Even with good paint sys- 
tem some concern felt that any bare area produced 
near the anode may reduce the current more dis- 
tant areas. believed that this effect should 
investigated. seems possible that the primary 
function special shields surrounding the anodes 
may avoidance paint damage. 
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Inhibiting Effect Hydrofluoric Acid Fuming Nitric Acid 


Corrosion Austenitic Chromium-Nickel Steels* 


Introduction 

PREVIOUS was found that with 
aluminum alloys and certain steel alloys (includ- 
ing 19-9DL) which contain chromium nickel, 
the presence 0.2 1.0 weight percent hydrofluoric 
acid fuming nitric acid markedly the 
corrosive action fuming nitric acid these alloys. 
the present report detailed investigation this 
inhibiting action proprietary steels Uniloy 19-9DL 
and 19-9DX manufactured the Universal-Cyclops 
Steel Corporation described. Because (1) ease 
fabrication welding, (2) high strength-to-weight 
ratio, and (3) relatively good corrosion resistance, 
these steels are used guided missiles for the con- 
struction pressure vessels which are contain 
fuming nitric acid. 

Stainless steels 19-9DL and 19-9DX are predomi- 
nantly austenitic steels containing nominally per- 
cent chromium and percent nickel with molyb- 
denum, tungsten, and carbon added increase 
strength room and elevated temperatures. Alloys 
the general type percent chromium and 
percent nickel with relatively high carbon content 
are susceptible intergranular This sus- 
ceptibility can reduced the addition elements 
which have greater affinity for carbon than does 
chromium these elements are termed stabilizing ele- 
ments. Thus 19-9DL there are added stabilizing 
elements 0.25 0.60 percent columbium (niobium) 
and 0.10 0.35 percent titanium; 19-9DX the 
rather scarce element columbium has been elimi- 
nated, and the titanium content increased 0.40 
0.75 percent. Although these two steels contain 
stabilizing elements, the quantity these elements 
insufficient prevent intergranular corrosion 
completely. When these steels are heated the 
temperature range 850 1650 degrees there 
tendency for the carbon which originally solid 
solution, the austenite, combine with chromium 
and form chromium carbides. The formation these 
carbides certain regions the metal depletes the 
adjacent area chromium and thus renders the im- 
poverished area susceptible corrosion. The car- 
bides generally form grain boundaries, and thus 
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Abstract 


The rate corrosion welded and unwelded 
chromium-nickel steels, Uniloy 19-9DL and 19-9DX 
alloy 321 fuming nitric acid the 
liquid and the gas phase was measured with and 
without hydrofluoric acid added corrosion in- 
hibitor. Corrosion this system interest be- 
cause its widespread use rocket propellant. 
The effect heat treatment the corrosion process 
was measured performing tests one set 
samples annealed 1800 degrees and air-cooled 
and another series samples that had been work- 
hardened and stress-relieved 1200 degrees 
general, samples the latter condition had the least 
corrosion resistance. was found that 0.6 weight 
percent hydrofluoric acid fuming nitric acid in- 
hibits both liquid- and gas-phase corrosion all 
cases which uncorroded metal was exposed the 
acid. Most the measurements were conducted 
130 and 160 degrees although few measurements 
were made 100 degrees determine the effect 
temperature the corrosion process. Inhibition 
was also effective with temperature fluctuating be- 
tween and 160 degrees When the metal had 
previously undergone intergranular corrosion, how- 
ever, the presence hydrofluoric acid fuming 
nitric acid aggravated the corrosive attack. 4.3.2 


there tendency for corrosion proceed along 
the chromium-impoverished grain boundaries. 

these alloys are annealed for two hours 1800 
degrees and rapidly cooled (herein called heat 
treatment A), homogeneous austenitic structure 
formed, carbon remaining solid solution and 
chromium remaining evenly distributed throughout 
the alloys. this condition the alloys are most 
erties are relatively low (100,000-psi ultimate strength 
and 55,000-psi yield strength). the steel work- 
hardened and stress-relieved 1200 degrees under 
these conditions (heat treatment B), chromium car- 
bide precipitation the grain boundaries increased, 
and the steel becomes susceptible intergranular 
corrosion. this work-hardened condition however 
the properties the material are high (120,000-psi 
ultimate tensile strength and 90,000-psi yield strength). 
order make structures with high strength-to- 
weight ratios, the work-hardened material used 
whenever possible. 

When these alloys either condition are welded, 
the area adjacent the weld heated the tem- 
perature range 850 1650 degrees thus this area 
rendered susceptible intergranular corrosion. 
the present investigation, studies were made 
welded and unwelded 19-9DL and 19-9DX both 
the annealed and the work-hardened conditions. 

has been established the case passivation 
aluminum alloys hydrofluoric acid fuming 
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acid and manufactured by du Pont de Nemours Co, 


Phose Storoge Period 
0.6 0.03 
0.03 
0.6 0.01 
| 
0.05 
0.6 0.03 
Liquid 
0.06 
0.6 0.008 
0.08 
Extent corrosion (mils) determined weight loss somple known area and density. 
Corrosion rote (mils/yr) wos dividing corrosion depth storage time expressed yeors (365 
Figure 1—Samples Uniloy 19-9DL steel exposed fuming nitric acid 130 
TABLE 1—Chemical Analyses Steels Tested 
COMPOSITION OF ELEMENT (Wt. %)! | 
| Samples | Samples | 19-9WX 
19-9DL 19-9DX AISI | 2 
ELEMENT | AMS55262:3 | AMS55382.3 3212 | 19-9DL 19-9DX | 19-9DL | 19-9DX 19-9DL Type 1 Type 2 ; 
0.28 to 35 0.28 to 35 0.10 max. 0.29 0.35 | 0.34 0.32 0.08 0.12 0.14 
PRosphorus, | 0.040 max. 0.040 max. 0.040 max. | | 
OO”. ae | 8.00 to 11.00 8.00 to 11.00 | 8.00 to 11.00 9.11 9.10 | 8.85 9.84 8.64 9.01 98.82 ‘ 
Molybdenum.......... 1.00 to 1.75 | 1.05 | 139 | 1.43 1.33 | 0.51 0.52 0.48 
0.10t0 0.35 | 0.40to00.75 | minof5xwt%C 0.15 | 0.60 | 0.15 | 0.44 0.27 nil nil 
Dashes indicate that analysis was made given. 
2 These analyses were provided by the manufacturer and refer to average steels. The other analyses were made on the actual steel samples used in this inves- Fic 
tigation. b 
These steels meet the Aeronautical Material Specifications (AMS). 
nitric acid, that tenacious precipitate aluminum thus risking the loss hydrofluoric acid and the 
fluoride forms the surface the metal, protecting removal the passivating layer. 
from corrosive attack. the case stainless 
steels the chemical nature the passivating coating Methods and Materials 
evidence that either chromium nickel fluoride weight-loss method was used. The apparatus used 
described detail elsewhere.* Small square sam 
metal exposed fresh sample fuming nitric rod and hole the middle the sample. 
acid. Since hydrofluoric acid extremely volatile, 
- (5) A solid fluorinated ethylene polymer very resistant to fuming nitric d 
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EFFECT HYDROFLUORIC ACID FUMING NITRIC ACID CORROSION STEELS 


Type of to Which | Added 5 Days wy 5 Doys 31 Doys 
Treatment | Wos FNA Extent of Corrosion | Extent of Corrosion | Extent of Corrosion | Extent of 
Liquid 
A 
0.04 0.90 
0.007 
0.084 


Extent corrosion (mils) wos determined measuring weight loss sample known ond density. 
rote was calculated dividing corrosion depth storage time expressed years (365 


Figure 2—Samples Uniloy 19-9DX steel exposed fuming nitric acid 130 


WITHOUT HF 


EXTENT OF CORROSION (mils) 
EXTENT OF CORROSION (miis) 


—— WITH HF 

WITHOUT HF 

6 @ HEAT TREATMENT A 
© @ HEAT TREATMENT 8 


10 6 20 2 
STORAGE PERIOD (days) 


Figure 3—Extent corrosion Uniloy 19-9DL 
liquid-phase fuming nitric acid 130 
function time. 


samples were then placed Teflon-lined aluminum 
61S-T6 vessel which was provided with pressure- 
tight closure. The Teflon liner had 1.0 inch inside 
diameter and was 5.0 inches deep. The vessel was 
half-filled with fuming nitric acid. Samples the 
bottom the rod thus were exposed liquid phase, 
and samples top the rod were exposed gas 
phase. The ratio the surface metal exposed 
the volume acid the liquid phase well 
the gas phase was about 1.4 in/cu in. The vessels 
were completely immersed constant-temperature 
water bath maintained within 0.2 degree the 
desired temperature the range 100 160 degrees 


&@ HEAT TREATMENT A 
@o@ HEAT TREATMENT 8 


Figure 4—-Extent corrosion Uniloy 19-9DL 
gas-phase fuming nitric acid 130 
function time. 


wiTHOUT HF 
© @ HEAT TREATMENT A 
@ @ HEAT TREATMENT 8 


EXTENT OF CORROSION (mils) 


Figure 5—Extent corrosion Uniloy 19-9DX 
liquid-phase fuming nitric acid 130 
function time. 


TABLE 2—-Chemical Composition Fuming Nitric Acid Samples 


Composition (Wt. %) 


Component Inhibited Acid Uninhibited Acid 


After the storage period the samples were re- 
moved, washed, and dried. Next the surface the 
metal was rubbed with eraser remove me- 
chanically much nonmetallic coating possible. 
Each sample was then weighed, and the weight loss 
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© © © HEAT TREATMENT A 
@ HEAT TREATMENT 

WITH HF 

WITHOUT HF 


EXTENT OF CORROSION (miis) 


20 
STORAGE PERIOD (days), 


Figure 6—Extent corrosion Uniloy 19-9DX 
gas-phase fuming nitric acid 130 
function time. 


DIRECTION OF 
CORROSION PENETRATION 


MAGNIFICATION, I50X 
ETCHANT, NONE 


INTERGRANULARLY 
CORRODED AREA 


UNCORRODED AREA 


Figure 7—Photomicrograph Uniloy 19-9DL intergranularly corroded 
unihibited liquid-phase fuming nitric acid. Actual magnification 
photograph after reduction for reproduction purposes 53X. 


—— HEAT TREATMENT A 
HEAT TREATMENT B 


EXTENT OF CORROSION (miis) 


20 wo 
STORAGE PERIOD (days) 


Figure 8—Effect temperature extent corrosion ilu 
19-9DL unihibited liquid-phase fuming nitric acid. 


due corrosion was determined. This weight 
divided the product the exposed area and the 
density the sample, was assumed give the extent 

Chemical analysis the specific steels and the 
welding wires tested shown Table Fuming 
nitric acid the initial composition given Table 
was used these tests. Since acid this composi- 
tion stable with respect thermal 
changes composition were due mainly the cor- 
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Figure 9—Effect temperature extent corrosion Uniloy 19-9DX 
uninhibited liquid-phase fuming nitric acid. 


TABLE Previous Corrosion Sample Subsequent 
Corrosion Inhibited Fuming Nitric Acid 130 


EXTENT CORROSION (mils) 


Samples in Uninhibited [ Samples from Test 1 


| (Test 1) Nitric Acid? 
ALLOY! (Test 


1 Work-hardened at 1200 F and stress-relieved at 1200 F, identified as heat 
treatment B. 


2 Samples were exposed to liquid-phase fuming nitric acid for 15 days. 


rosion process. the most severe case corrosion 
the NO, content the acid after storage had in- 
creased about 7.0 weight percent absolute. 
cases which passivation occurred, the composition 
the acid was very slightly altered during storage. 


Results 
Corrosion Unwelded Metai Specimens 


Inhibiting Effect Corrosion Process. 
The results corrosion tests 130 degrees 
19-9DL and 19-9DX are shown Figures 
respectively, where actual photographs 
sai iples after exposure liquid- and gas-phase fum- 
nitric acid are included. Both the extent and 
corrosion are indicated these figures. 
The inhibiting effect the corrosion both 
and numerically evident Figures and 
‘omparison, for example, the data for sam- 
ples days. general, the corrosion less 
severe 19-9DX than 19-9DL for the case 
uninhibited liquid- and gas-phase acid. These data 
are reproduced Figures through which the 
extent corrosion plotted time for the various 
sets conditions. From these figures evident 
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that markedly inhibits both liquid- and gas-phase 
corrosion 19-9DL and 19-9DX. From the slope 
the curves for inhibited acid days appears 
that the corrosion rate has approached zero. This 
behavior probably due the formation 
tenacious coating which impervious fuming 
nitric acid and thus protects the metal underneath. 

noteworthy that some cases which in- 
hibition occurred, the extent corrosion decreased 
with time. This anomaly probably due the fact 
that impossible remove the passivating layer 
thus the indicated weight uncorroded 
metal too high, and the extent corrosion corre- 
spondingly low. 

evident from comparisons Figure with 
Figure and Figure with Figure that days 
the gas-phase corrosion less severe than the liquid- 
phase corrosion for both 19-9DL and 19-9DX with 
both HF-inhibited and uninhibited acid. However, 
the corrosion-time curves for uninhibited gas-phase 
acid are usually concave upward days, whereas 
the corresponding liquid-phase curves are usually 
concave downward. Thus greater periods time 
than days the extent gas-phase corrosion may 
exceed that the liquid phase. 

appears cases heat treatment (see Fig- 
ures and that without inhibition the corrosion 
rate after days becomes quite low. This behavior 
not understood although changes composition 
the acid resulting from the corrosion process for 
this period storage (in which case the and 
NO, will have increased greatly) may partly explain 
the behavior. should pointed out, however, 
that particularly heat treatment the alloys are 
susceptible intergranular corrosion, and the over- 
all corrosion displayed Figures and not 
reflect the local severity attack. Shown Figure 
photomicrograph displaying this type corro- 
sion for sample 19-9DL heat treatment 
exposed uninhibited liquid-phase fuming nitric 
acid for days 130 degrees Accompanying 
this type corrosion pitting the samples; the 
extent corrosion based over-all behavior may 
not reflect the severity corrosion locally pitted 
areas. acid containing 0.6 weight percent HF, 
intergranular corrosion has not been observed, and 
corrosion both gas- and liquid-phase minimized. 


Effect Previous Corrosion Sample In- 
hibition Process. has been found that when 
sample 19-9DL 19-9DX has undergone severe 
corrosion exposure uninhibited fuming nitric 
acid, subsequent exposure HF-inhibited acid re- 
sults not passivation but extremely severe cor- 
rosion. This behavior makes imperative that, 
order ensure inhibition, the sample exposed 
only HF-inhibited fuming nitric acid 
outset. This effect can seen results for test 
Table where much more severe corrosion results 
than would expected for HF-inhibited fuming 
nitric acid shown comparison with the data 

the fabrication parts from 19-9DL 19-9DX 
often desirable clean the surfaces pickling. 


INHIBITING EFFECT HYDROFLUORIC ACID FUMING NITRIC ACID CORROSION STEELS 


INITIAL CORROSION RATE (mils/yr) 


HEAT TREATMENT 
HEAT TREATMENT 


100 130 
TEMPERATURE (°F) 


Figure 10—Effect temperature initial 
rate corrosion Uniloy 19-9DL and 19-9DX 
uninhibited liquid-phase fuming nitric acid. 


TABLE Temperature Extent Corrosion Uniloy 
19-9DL and 19-9DX Uninhibited Liquid-Phase Fuming Nitric 


Acid 
| Extent of Corrosion (mils) 
(Degrees F) | Alloy | Treatment'| Days Days Days 
| | 3.82 
| 19-9DX A 0.3 1.4 
| } 0.92 
| | | 6.82 
| 19-9DX | A 2.4 5.2 } 5.1 
3.3? 
4.6 8.1 9.2 


2 Exposure to gas phase. 


One treatment often used involves 30-minute pickle 
inhibited fuming nitric acid resulted passivation. 
Thus this pickling procedure appears suitable. 

Another treatment consists exposure for 
minutes weight percent HNO, and weight 
percent 135 degrees this treatment severe 
pitting the sample occurred and subsequent 
exposure inhibited fuming nitric acid 130 
degrees for eight days, indications severe local 
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Type Which Added 
Heat 
FNA 


(Type 


Extent 


Corrosion 


wer 


Welding-Wire 


(Type 


0.14 0.9 
Liquid 
2.5 
0.03 0.03 0.3 
Gos 
0.84 2.1 
0.13 2.7 
Liquid 
3.0 3.2 
0.02 0.02 0.5 
Gas 
2.2 0.99 


visually. 


Figure 11—Samples welded 19-9DL steel exposed fuming nitric acid for days 130 


pitting were present. Thus this pickling treatment 
not recommended unless the pitted surface ma- 
chined thoroughly remove the pits. Evidently the 
aqueous nitric acid pickling solutions accele- 
rates the corrosion process and causes pits which are 
susceptible aggravated attack exposures 
HF-inhibited fuming nitric acid. 


Effect Temperature Corrosion Un- 
inhibited Acid. would expected from normal 
reaction-kinetic behavior, increase temperature 
increases the rate corrosion. Table shows the 
effect temperature extent corrosion Uniloy 
19-9DL and 19-9DX uninhibited liquid-phase 
fuming nitric acid. Shown Figures and are 
corrosion time curves for liquid-phase corrosion 
19-9DL and 19-9DX, respectively, 100, 130, 
and 160 degrees The initial rates reaction (in 
mils per year) from these curves are plotted 
function temperature Figure 10, which also 
indicates the marked effect temperature the 
initial corrosion rate. the least temperature- 
sensitive case, the increase reaction rate between 
100 and 160 degrees more than five-fold. The 
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effect temperature gas-phase corrosion was 
measured few cases, and the results are shown 

some recent the effects temperature 
fluctuations the corrosion 19-9DL heat treat- 
ment inhibited fuming nitric acid were meas- 
ured. The sample bombs were immersed for days 
temperature bath with the temperature sinus- 
oidally fluctuating between and 160 degrees 
12-hour period. These data showed that inhibition 
was not adversely affected such diurnal tempera- 
ture fluctuations might encountered during 
storage the field. 


Corrosion Welded Metal Specimens 

There are, generally, three effects which must 
taken into account the corrosion testing welded 
samples: (1) the corrosion rates the materials 
involved, (2) the effect changes the composition 
the deposited weld metal during the welding 
process which develops composition gradient across 
the weld-parent metal interface (thus electrolytic 
cell set which the least noble the ma- 
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Wire 


Corrosion Extent 


Corrosion Extent Corrosion 


0.7 


Type 
Treatment 


Extent 


0.5 


0.5 


Extent corrosion (mils) determined measuring weight loss known area ond density. neor weid 


Corrosion rate (mils/yr) wos dividing depth corrosion storoge time expressed (365 doys/yr). 


Figure 12—Samples welded 19-9DX steel exposed fuming nitric acid for days 130 


Welding-Wire 


Treatment Extent Corrosion Extent 


Corrosion Corrosion 
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(mils/yr) wos dividing depth corrosion storage time expressed years (365 


Figure 13—Samples welded AISI 321 steel exposed fuming nitric acid for days 130 
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DIRECTION 
CORROSION PENETRATION 
DIRECTION 


SURFACE 


Figure 14—Photomicrograph 19-9DL weld and 19-9DL adjacent area Figure 15—Photomicrograph 19-9DL weld and 19-9DL adjacent area 


exposed inhibited liquid-phase fuming nitric acid with exposed uninhibited liquid-phase fuming nitric acid with resulting 
granular corrosion. Actual magnification photograph after reduction intergranular corrosion. Actual magnification photograph after 
for reproduction purposes reduction for reproduction purposes 68X. 
terials sacrificed), and (3) the effect heating the tion against corrosive attack results welded and 
weld-parent metal junction during the welding proc- unwelded samples 19-9DL and 19-9DX both 
ess, thus rendering the area adjacent the weld the annealed and the work-hardened condition. One 
susceptible intergranular attack. order evalu- precaution, however, must observed: The sample 
ate the variables mentioned, samples 19-9DL, should not have previously undergone pitting corro- 
19-9DX, and AISI 321 stainless steels welded with sion, for this state aggravated corrosion occurs 
three different welding wires were tested. with HF-inhibited acid. 

The inhibiting effect corrosion various Otherwise, 19-9DL and 19-9DX are suitable ma- 
welded samples visually evident from Figures terials used contact with HF-inhibited liquid 
through 13. Corrosion data presented these figures gaseous fuming nitric acid for periods least 
are based over-all measurements and therefore one month steady temperature high 160 
not quantitatively reflect local effects near the weld. degrees with fluctuating temperature between 


Welded samples 19-9DL and 19-9DX (in both and 160 degrees 

the annealed and the work-hardened conditions) and 

welded samples steel 321 showed complete passiva- Acknowledgment 
tion over the surface the metal including the weld. 
signs intergranular attack adjacent the weld 
occurred when sample was exposed either in- 
hibited gas-phase inhibited liquid-phase fuming 
nitric acid. This can seen the photomicrograph 
Figure for exposure 19-9DL welded with 
19-9DL inhibited liquid-phase fuming nitric acid 
for days 130 degrees Evidence inter- 
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This paper presents the results one phase 
research carried out the Jet Propulsion Labora- 
tory, California Institute Technology, under con- 


granular corrosion seen the case identical tract No. DA-04-495-Ord 18, sponsored the De- 
sample exposed under similar conditions 


partment the Army, Ordnance Corps. 
hibited acid shown the photomicrograph 


Figure 15. With inhibited acid, 19-9DX 
wel ing wires appear to give very corrosion-resistant 
welds. Storability Fuming Nitric Report No. 20-72, Jet 
Conclusions Propulsion Laboratory, Pasadena, December 28, 1953. 
2.H. Uhlig. Corrosion John Wiley and Sons, 
From the data presented, appears that about New York, 1948. 
0.6 weight percent added thermally stable David Mason, Lois Taylor, and John Rittenhouse. 
fuming nitric acid containing about weight per- Inhibiting Effect Acid 


Acid Liquid and Gas-Phase Corrosion Several Metals 
cent and weight percent marked passiva Submitted Corrosion 
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Introduction 
BELT thermally-active country extend- 
ing northeast from the Ruapehu-Ngauruhoe- 
Tongariro group the coast the North 
Island, New Zealand, contains numerous local areas 
“hot ground” noted for spectacular thermal and 
geyser activity. The largest area surface activity, 
Rotorua, covers several square miles. The belt 
itself approximately 100 miles long and some 
miles wide its widest point. 

For many years local residents have, means 
shallow boreholes, tapped hot ground water and 
occasionally steam (the so-called geothermal steam) 

for household and other small-scale uses. Only re- 
ting cently, however, has attention been focused possi- 
large-scale exploitation these natural heat sup- 
plies. Realization the commercial possibilities 
stemmed mainly from the successful exploitation 
ind geothermal steam for power production Larde- 
rello, 
1949 the New Zealand Government initiated 
ple borehole-prospecting program Wairakei assess 
the potentialities geothermal heat for commercial 
uses, particularly electric power production. 
departments, the Ministry Works and 
the Department Scientific and Industrial Re- 
search, carried out this work. The latter department 
was responsible for geological, chemical and physical 
investigations, while the Ministry Works did the 
engineering development including the drilling 
boreholes, measurement bore outputs, measure- 
temperatures, etc. 
date, boreholes have been drilled area 
measuring roughly one square mile. The majority 
the boreholes discharged mixture steam and 
water, with evidence significant diminution 
during the ensuing period (see Figure 1). 
having diameters ranging from inches 
been drilled depths ranging 3,200 feet. 
All but few these bores yielded steam. The 
maximum output obtained from single bore (8-inch 
diameter, 120 psig wellhead pressure) was 103,000 


pounds per hour steam and 450,000 pounds per 
hour water (equivalent approximate avail- 
able power output of 8000 kw.) 


When first blown, the bores usually discharge 
large quantities debris (mud, sand, stones, etc.) 
but after few days’ operation this debris diminishes 
negligible quantities very fine mud entrained 
“1c = 
Is ® Sub tted for publication March 27, 1956. A paper presented at the 
rwelfth Annual Conference, National Association of Corrosion En 
" N York, N, ¥ March 12-16, 1956 
Metallurgist. Dominion Laboratory Dept. of Selentifi ind Indu 
esearch, Wellingtor New Zealand 
lbominton Laboratory fentife ind 


her | Engineer 


Indust | Research, Wellington, New Zealand 


Abstract 


Corrosion tests geothermal steam contaminated 
with chlorides, hydrogen sulfide and carbon dioxide 
are described, detailed results being given for 
range common engineering alloys. 


Most engineering alloys proved moderately sus- 
ceptible steam corrosion. Titanium and austenitic 
stainless steels (especially molybdenum-bearing va- 
rieties) were highly resistant. Stress-corrosion crack- 
ing occurred hardened stainless steel, hard- 


ened low-alloy steels, one grade austenitic 


stainless steel and aluminum bronze. 


Physical and chemical factors influencing corro- 
sion the geothermal steam are discussed. 4.6.2 


the steam. The discharge bore fluid then consists 
essentially two-phase mixture water and 
steam, ratio four pounds water one pound 
steam being typical. The water contains signifi- 
cant quantities dissolved salt and silica, and the 
steam contaminated mainly H.S and 

Maximum wellhead pressures 420 psig have 
been experienced, but, pressure varies inversely 
with output, high operating pressures are not neces- 
sarily advantageous. probable that 100-150 psig 
will the optimum pressure range for commercial 
operation. Apparently the energy reservoir being 
tapped underground water high temperature 
(about 490 under hydrostatic pressure exceeding 
600 psig. When this water rises the surface 
bores, release the pressure allows flash the 
steam/water mixture discharged. 

Estimates based utilization the steam 
turbo-generators indicate potential available power 


Figure 1|—Discharging steam bores at Wairakei. 
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Treatment Was FNA | Extent of of corrosion | Extent of Corrosio Extent of Corros» 
cia | 0.05 = 20 0.076 19 2.9 32 
| | 
| Liquid 
0.06 2.4 140 6.3 
0.6 0.008 3.0 0007 0.3 0.009 
Gos 
Extent corrosion (mils) wos determined meosuring weight loss somple known area and density. 
Corrosion wos dividing corrosion depth storage time expressed yeors (365 doys/yr). 
Figure 1—Samples Uniloy 19-9DL steel exposed fuming nitric acid 130 
TABLE Steels Tested 
COMPOSITION OF ELEMENT (We. %)* 
| Weld Metal 
Unwelded Welded 
Samples Samples 
19-9DL 19-9DX AISI 
ELEMENT AMS5526?2.3 AMS55382.3 3212 19-9DL | 19-9DX 19-9DL | 19-9DX 19-9DL Type 1 Type 2 
Manganese. 0.75 to 1.50 0.75 to 1.50 2.00 max. | | 
Phosphorus. . 0.040 max. 0.040 max. 0.040 max. a 
18.00 to 21.00 | 18.00 to 21.00 17.00 to 19.00 18.19 | 18.34 | 18.55 | 21.40 20.66 21.46 
Moly bdenum. | 1.00 to 1.75 | 1.05 | 1.39 1.43 0.51 | 0.52 0.48 
Tungsten... 1. 00 to 75 00 1.50 1.00 | 1.51 | 1.27 | 1.32 2.14 0.99 
0.60 | 0.40 | 0.36 | nil 1.29 0.45 1.17 
eRe ere 0.10 to 0.35 0.40 to 0.75 min of 5x wt 0.15 | 0.60 | 015 | 0.44 | 0.27 nil nil 


1 Dashes Lalicate that no eile sis was made or given. 


2 These analyses were provided by the manufacturer and refer to average steels. 


tigation. 
3 These steels meet the Aeronautical Material Specifications (AMS). 


nitric acid, that tenacious precipitate aluminum 
fluoride forms the surface the metal, protecting 
from corrosive attack. the case stainless 
steels the chemical nature the passivating coating 
has not been definitely established although there 
evidence that either chromium nickel fluoride (or 
both), when formed the surface the metal, 
responsible for the passivation process. Because 
the solubility mechanism for the passivation process, 
coating which forms metal dissolves the 
metal exposed fresh sample fuming nitric 
acid. Since hydrofluoric acid extremely volatile, 
storage vessels should not opened unnecessarily, 
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The other analyses were made on the actual steel samples used in this inves- 


thus risking the loss hydrofluoric acid and the 
removal the passivating layer. 


Methods and Materials 
studying the extent corrosion samples the 
weight-loss method was used. The apparatus used 
described detail elsewhere.* Small square sam- 
ples were placed rod and held 
given position means tight fit between the 
rod and hole the middle the sample. The 


©) A solid fluorinated ethylene polymer very resistant to fuming nitric 
acid and manufactured by du Pont de Nemours Co, 
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INHIBITING EFFECT HYDROFLUORIC ACID FUMING NITRIC ACID CORROSION STEELS 


eotment Was FNA Pon of Corrosion | Extent of Corrosien | E stent of ] | corrosion ; Extent of 
| Liquid — 
A | — — + - | 
| | | | | 
| | 
0.6 0.03 0.07 49 0.11 | we 2.6 
Liquid 
DA 
0.6 0.01 0.007 0.5 0.008 0.2 0.009 0.1 
Gos 
0.05 


Extent corrosion (mils) was determined weight loss known density. 
dividing corrosion depth storage time expressed yeors (365 doys/yr). 


Figure 2—Samples Uniloy 19-9DX steel exposed fuming nitric acid 130 


WITHOUT HF 
HEAT TREATMENT A 
@o@ HEAT TREATMENT @ 


EXTENT OF CORROSION (miis) 
EXTENT OF CORROSION (mils) 


WITHOUT HF 
6 @ HEAT TREATMENT A 
© @ HEAT TREATMENT 8 


20 
STORAGE PERIOD (days) 


Figure 3—Extent corrosion Uniloy 19-9DL 
liquid-phase fuming nitric acid 130 
function time. 


samples were then placed Teflon-lined aluminum 
61S-T6 vessel which was provided with pressure- 
tight closure. The Teflon liner had 1.0 inch inside 
diameter and was 5.0 inches deep. The vessel was 
half-filled with fuming nitric acid. Samples the 
bottom the rod thus were exposed liquid phase, 
and samples top the rod were exposed gas 
phase. The ratio the surface metal exposed 
the volume acid the liquid phase well 
the gas phase was about 1.4 in/cu in. The vessels 
were completely immersed constant-temperature 
water bath maintained within 0.2 degree the 
desired temperature the range 100 160 degrees 


STORAGE 


Figure 4—Extent corrosion Uniloy 19-9DL 
gas-phase fuming nitric acid 130 
function time. 


—— HF 

WITHOUT HF 

© @ HEAT TREATMENT A 
@ HEAT TREATMENT 


EXTENT GF CORROSION ( mils) 


2 
STORAGE PERIOD (doy) 


Figure 5—Extent corrosion Uniloy 19-9DX 
liquid-phase fuming nitric acid 130 
function time. 


Component Of Inhibited Acid | Of Uninhibited Acid 


After the storage period the samples were re- 
moved, washed, and dried. Next the surface the 
metal was rubbed with eraser remove me- 
Each sample was then weighed, and the weight loss 
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TABLE 2—Chemical Composition Fuming Nitric Acid Samples 


© © © HEAT TREATMENT A 
© @ HEAT TREATMENT 8 
WITH HF 
WITHOUT HF 


EXTENT OF CORROSION (mils) 


® 20 2 x» 
STORAGE PERIOD (days), 


Figure corrosion Uniloy 19-9DX 
gas-phase fuming nitric acid 130 
function time. 


DIRECTION OF 
CORROSION PENETRATION 


METAL 
SURFACE 


ETCHANT, NONE 


INTERGRANUL ARLY 
CORRODED AREA 


AREA 


Figure 7—Photomicrograph Uniloy 19-9DL intergranularly corroded 
unihibited liquid-phase fuming nitric acid. Actual magnification 
photograph after reduction for reproduction purposes 53X. 


—— HEAT TREATMENT A 
HEAT TREATMENT B 


@ 100°F 
@ 


EXTENT OF CORROSION (mits) 


20 
STORAGE PERIOD (days) 


Figure 8—Effect temperature extent corrosion Uniloy 
19-9DL unihibited liquid-phase fuming nitric acid. 


due corrosion was determined. This weight less, 
divided the product the exposed area and the 
density the sample, was assumed give the extent 
corrosion. 

Chemical analysis the specific steels 
welding wires tested shown Table Fuming 
nitric acid the initial composition given Table 
was used these tests. Since acid this composi- 
tion stable with respect thermal 
changes composition were due mainly the cor- 
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HEAT TREATMENT 
HEAT TREATMENT 
130°F 


EXTENT CORROSION (mils) 


STORAGE PERIOD (days) 


Figure 9—Effect temperature extent corrosion Uniloy 19-9DX 
uninhibited liquid-phase fuming nitric acid. 


TABLE Previous Corrosion Sample Subsequent 
Corrosion Inhibited Fuming Nitric Acid 130 


EXTENT OF CORROSION (mils) 
| — 
| Samples in Uninhibited 


Samples from Test 


Fuming Nitric Acid? in Inhibited Fuming 


(Test Nitric Acid? 
ALLOY! (Test 2) 
ere | 10.0 to 10.2 19 to 21 
Ss | 0.58 to 0.55 3.9 to 4.0 


1 Work-hardened at 1200 F and stress-relieved at 1200 F, identified as heat 
treatment B. 


2 Samples were exposed to liquid-phase fuming nitric acid for 15 days. 


rosion process. the most severe case corrosion 
the NO, content the acid after storage had in- 
creased about 7.0 weight percent absolute. 
cases which passivation occurred, the composition 
the acid was very slightly altered during storage. 


Results 
Corrosion Unwelded Metal Specimens 


Inhibiting Effect Corrosion Process. 
The results corrosion tests 130 degrees 
Uniloy 19-9DL and 19-9DX are shown Figures 
and respectively, where actual photographs 
samples after exposure liquid- and gas-phase fum- 
ing nitric acid are included. Both the extent and 
the rate corrosion are indicated these figures. 
The inhibiting effect the corrosion both 
visually and numerically evident Figures and 
comparison, for example, the data for sam- 
ples exposed days. general, the corrosion less 
severe 19-9DX than 19-9DL for the case 
uninhibited liquid- and gas-phase acid. These data 
are reproduced Figures through which the 
extent corrosion plotted time for the various 
sets conditions. From these figures evident 
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that markedly inhibits both liquid- and gas-phase 
corrosion 19-9DL and 19-9DX. From the slope 
the curves for inhibited acid days appears 
that the corrosion rate has approached zero. This 
coating which impervious fuming 
tric acid and thus protects the metal underneath. 

noteworthy that some cases which in- 
bition occurred, the extent corrosion decreased 
ith time. This anomaly probably due the fact 
impossible remove the passivating layer 
thus the indicated weight uncorroded 
too high, and the extent corrosion corre- 
low. 

evident from comparisons Figure with 
gas-phase corrosion less severe than the liquid- 
hase corrosion for both 19-9DL and 19-9DX with 
HF-inhibited and uninhibited acid. However, 
corrosion-time curves for uninhibited gas-phase 
are usually concave upward days, whereas 
‘he corresponding liquid-phase curves are usually 
downward. Thus greater periods time 
days the extent gas-phase corrosion may 
that the liquid phase. 

appears cases heat treatment (see Fig- 
ures and that without inhibition the corrosion 
after days becomes quite low. This behavior 
not understood although changes composition 
the acid resulting from the corrosion process for 
period storage (in which case the H,O and 
NO, will have increased greatly) may partly explain 
the behavior. should pointed out, however, 
that particularly heat treatment the alloys are 
susceptible intergranular corrosion, and the over- 
all corrosion displayed Figures and not 
reflect the local severity attack. Shown Figure 
photomicrograph displaying this type corro- 
sion for sample 19-9DL heat treatment 
exposed uninhibited liquid-phase 
acid for days 130 degrees Accompanying 
this type corrosion pitting the samples; the 
extent corrosion based over-all behavior may 
not reflect the severity corrosion locally pitted 
areas. acid containing 0.6 weight percent HF, 
intergranular corrosion has not been observed, and 
corrosion both gas- and liquid-phase minimized. 


Effect Previous Corrosion Sample In- 
hibition Process. has been found that when 
sample 19-9DL 19-9DX has undergone severe 
corrosion exposure uninhibited fuming nitric 
acid, subsequent exposure HF-inhibited 
sults not passivation but extremely severe cor- 
rosion. This behavior makes imperative that, 
order ensure inhibition, the sample exposed 
only HF-inhibited fuming nitric acid from the 
outset. This effect can seen results for test 
Table where much more severe corrosion results 
than would expected for HF-inhibited fuming 
nitric acid shown comparison with the data 

the fabrication parts from 19-9DL 19-9DX 
often desirable clean the surfaces pickling. 


INHIBITING EFFECT HYDROFLUORIC ACID NITRIC ACID CORROSION STEELS 


INITIAL CORROSION RATE (mils/yr) 


HEAT TREATMENT 
HEAT TREATMENT 


130 
TEMPERATURE (°F) 


Figure temperature initial 
rate corrosion Uniloy 19-9DL and 19-9DX 
uninhibited liquid-phase fuming nitric acid. 


TABLE Temperature Extent Corrosion Uniloy 
19-9DL and 19-9DX Uninhibited Liquid-Phase Fuming Nitric 


Acid 
Extent of Corrosion (mils) 
Type of 
Temperature | Heat At5 At 15 At 33 
(Degrees F) Alloy Treatment!) Days Days Days 
B ae 4.1 4.6 
3.82 
19-9DX A 0.3 1.4 
0.92 
B es 2.7 3.0 
6.8? 
19-9DX 2.4 5.2 5.1 
3.32 
B 4.6 8.1 9.2 
1 Heat treatment A: annealed 2 hours at 1800 F and air-cooled. Heat 


treatment B: work-hardened and stress-relieved at 1200 F. 
2 Exposure to gas phase. 


One treatment often used involves 30-minute pickle 
inhibited fuming nitric acid resulted passivation. 
Thus this pickling procedure appears suitable. 

Another treatment consists exposure for 
minutes weight percent HNO, and weight 
percent 135 degrees this treatment severe 
pitting the sample occurred and subsequent 
exposure inhibited fuming nitric acid 130 
degrees for eight days, indications severe local 
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Treotment 


0.03 
2.1 
3.2 


Material 


0.5 


Extent corrosion (mils) wos determined measuring weight loss known and density. attock neor weld 


visually, 


Corrosion rate was dividing depth corrosion time expressed yeors (365 


Figure 11—Samples welded 19-9DL steel exposed fuming nitric acid for days 130 


pitting were present. Thus this pickling treatment 
not recommended unless the pitted surface ma- 
chined thoroughly remove the pits. Evidently the 
aqueous nitric acid pickling solutions accele- 
rates the corrosion process and causes pits which are 
susceptible aggravated attack exposures 
HF-inhibited fuming nitric acid. 


Effect Temperature Corrosion Un- 
inhibited Acid. would expected from normal 
reaction-kinetic behavior, increase temperature 
increases the rate corrosion. Table shows the 
effect temperature extent corrosion Uniloy 
19-9DL and 19-9DX uninhibited liquid-phase 
fuming nitric acid. Shown Figures and are 
corrosion time curves for liquid-phase corrosion 
19-9DL and 19-9DX, respectively, 100, 130, 
and 160 degrees The initial rates reaction (in 
mils per year) from these curves are plotted 
function temperature Figure 10, which also 
indicates the marked effect temperature the 
initial corrosion rate. the 
sensitive case, the increase reaction rate between 
100 and 160 degrees more than five-fold. The 
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effect temperature gas-phase corrosion was 
measured few cases, and the results are shown 

some recent the effects temperature 
fluctuations the corrosion 19-9DL heat treat- 
ment inhibited fuming nitric acid were meas- 
ured. The sample bombs were immersed for days 
temperature bath with the temperature sinus- 
oidally fluctuating between and 160 degrees 
12-hour period. These data showed that inhibition 
was not adversely affected such diurnal tempera- 
ture fluctuations might encountered during 
storage the field. 


Corrosion Welded Metal Specimens 

There are, generally, three effects which must 
taken into account the corrosion testing welded 
samples: (1) the corrosion rates the materials 
involved, (2) the effect changes the composition 
the deposited weld metal during the welding 
process which develops composition gradient across 
the weld-parent metal interface (thus electrolytic 
cell set which the least noble the ma- 
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INHIBITING EFFECT HYDROFLUORIC ACID FUMING NITRIC ACID CORROSION STEELS 


Exposed (wt 


Corrosion Extent Corrosion 


0.7 0.03 


Extent 


Wire Moterial 


0.04 


0.75 


Extent 
Corrosion® 


visually. 
Corrosion rate wos dividing depth corrosion storage time expressed years (365 doys/yr). 


Heat 


Figure 12—Samples welded 19-9DX steel exposed fuming nitric acid for days 130 
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Figure 13—Samples welded AISI 321 steel exposed fuming nitric acid for days 130 
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Figure 14—Photomicrograph 19-9DL weld and 19-9DL adjacent area 
exposed inhibited liquid-phase fuming nitric acid with 
granular corrosion. Actual magnification photograph after reduction 


for reproduction purposes 


terials sacrificed), and (3) the effect heating the 
weld-parent metal junction during the welding proc- 
ess, thus rendering the area adjacent the weld 
susceptible intergranular attack. order evalu- 
ate the variables mentioned, samples 19-9DL, 
19-9DX, and AISI 321 stainless steels welded with 
three different welding wires were tested. 

The inhibiting effect corrosion various 
welded samples visually evident from Figures 
through 13. Corrosion data presented these figures 
are based over-all measurements and therefore 
not quantitatively reflect local effects near the weld. 
Welded samples 19-9DL and 19-9DX (in both 
the annealed and the work-hardened conditions) and 
welded samples steel 321 showed complete passiva- 
tion over the surface the metal including the weld. 
signs intergranular attack adjacent the weld 
occurred when sample was exposed either in- 
hibited gas-phase inhibited liquid-phase fuming 
nitric acid. This can seen the photomicrograph 
Figure for exposure 19-9DL welded with 
19-9DL inhibited liquid-phase fuming nitric acid 
for days 130 degrees Evidence inter- 
granular corrosion seen the case identical 
sample exposed under similar conditions unin- 
hibited acid shown the photomicrograph 
Figure 15. With inhibited acid, 19-9DL 
welding wires appear give very corrosion-resistant 
welds. 

Conclusions 


From the data presented, appears that about 
0.6 weight percent added thermally stable 
fuming nitric acid containing about weight per- 
cent NO, and weight percent marked passiva- 
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Figure 15—Photomicrograph 19-9DL weld and 19-9DL adjacent 
exposed uninhibited liquid-phase fuming nitric acid with resulting 


intergranular corrosion. Actual magnification photograph after 


reduction for reproduction purposes 68X. 


tion against corrosive attack results welded and 
unwelded samples 19-9DL and 19-9DX both 
the annealed and the work-hardened condition. One 
precaution, however, must observed: The sample 
should not have previously undergone pitting corro- 
sion, for this state aggravated corrosion occurs 
with HF-inhibited acid. 

Otherwise, 19-9DL and 19-9DX are suitable ma- 
terials used contact with HF-inhibited liquid 
gaseous fuming nitric acid for periods least 
one month steady temperature high 160 
degrees with fluctuating temperature between 
and 160 degrees 
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Corrosion Low-Pressure Geothermal 


Introduction 


BELT thermally-active country extend- 

ing northeast from the Ruapehu-Ngauruhoe- 
volcano group the coast the North 
land, New Zealand, contains numerous local areas 
“hot ground” noted for spectacular thermal and 
activity. The largest area surface activity, 
Rotorua, covers several square miles. The belt 
self approximately 100 miles long and some 
wide its widest point. 

For many years local residents have, means 
shallow boreholes, tapped hot ground water and 
steam (the so-called geothermal steam) 
household and other small-scale uses. Only re- 
however, has attention been focused possi- 
large-scale exploitation these natural heat sup- 
plies. Realization the commercial possibilities 

iemmed mainly from the successful exploitation 
steam for power production Larde- 
rello, 

1949 the New Zealand Government initiated 
borehole-prospecting program Wairakei assess 
the potentialities geothermal heat for commercial 
uses, particularly electric power production. Two 
government departments, the Ministry Works and 
the Department Scientific and Industrial Re- 
search, carried out this work. The latter department 
was responsible for geological, chemical and physical 
investigations, while the Ministry. Works did the 
engineering development including the drilling 
boreholes, measurement bore outputs, measure- 
ment temperatures, etc. 

date, boreholes have been drilled area 
measuring roughly one square mile. The majority 
the boreholes discharged mixture steam and 
water, with evidence significant diminution 
output during the ensuing period (see Figure 1). 

Bores having diameters ranging from inches 
have been drilled depths ranging 3,200 feet. 
All but few these bores yielded steam. The 
maximum output obtained from single bore (8-inch 
diameter, 120 psig wellhead pressure) was 103,000 
pounds per hour steam and 450,000 pounds per 
hour water (equivalent approximate avail- 
able power output 8000 kw.) 

When first blown, the bores usually discharge 
large quantities debris (mud, sand, stones, etc.) 
but after few days’ operation this debris diminishes 
negligible quantities very fine mud entrained 
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Abstract 


Corrosion tests geothermal steam contaminated 
with chlorides, hydrogen sulfide and carbon dioxide 
are described, detailed results being given for 
range common engineering alloys. 

Most engineering alloys proved moderately sus- 
ceptible steam corrosion. Titanium and austenitic 
stainless steels (especially molybdenum-bearing va- 
rieties) were highly resistant. Stress-corrosion crack- 
ing occurred hardened stainless steel, hard- 
ened low-alloy steels, one grade austenitic 
stainless steel and aluminum bronze. 

Physical and chemical factors influencing corro- 
sion the geothermal steam are discussed. 4.6.2 


the steam. The discharge bore fluid then consists 
essentially two-phase mixture water and 
steam, ratio four pounds water one pound 
steam being typical. The water contains signifi- 
cant quantities dissolved salt and silica, and the 
steam contaminated mainly and 

Maximum wellhead pressures 420 psig have 
been experienced, but, pressure varies inversely 
with output, high operating pressures are not neces- 
sarily advantageous. probable that 100-150 psig 
will the optimum pressure range for commercial 
operation. Apparently the energy reservoir being 
tapped underground water high temperature 
(about 490 under hydrostatic pressure exceeding 
600 psig. When this water rises the surface 
bores, release the pressure allows flash the 
steam/water mixture discharged. 

Estimates based utilization the steam 
turbo-generators indicate potential available power 


Figure 1—Discharging steam bores Wairakei. 


329t 


| 
| 
: 
; 
ny, 


output from existing bores Wairakei, 40,000 
May 1955. 

Thermal measurements? over the entire active belt 
from Lake Taupo the coast (but excluding the 
scenic Rotorua area) indicated total natural escape 
heat energy equivalent available power 
output the order 250,000 480,000 kw. This 
has been assumed therefore represent the mini- 
mum amount geothermal power potentially avail- 
able for commercial utilization. Although little 
known the primary source heat, may even 
found that rate energy extraction far exceed- 
ing the natural heat loss can safely utilized. 

From the above description seen that the 
exploratory program has proved the existence 
block potentially-useful power definitely signifi- 
cant relation the country’s requirements. Inves- 
tigations now approach the stage plant installation 
separators, turbines, and generating equipment. 

Preliminary examination equipment used 
Wairakei, theoretical considerations, and experience 
with private boreholes Rotorua, all suggested that 
the geothermal steam would more corrosive than 
normal boiler-plant steam. the absence reliable 
detailed published information this subject, pre- 
liminary tests were conducted assess the signifi- 
cance corrosion the steam, and provide cor- 
rosion data required designers the steam- 
handling equipment. These tests are described, and 
results discussed below. 


Test Conditions 

geothermal bore (No. whose discharge fluid 
composition reasonably representative all major 
bores the Wairakei field, was used for the corro- 
sion tests. The latest analyses* from this bore indi- 
cate approximate compositions given Table 
for the steam phase (28 weight percent) and the 
water phase (72 weight percent) the discharge 
mixture, after separation cyclone operating 
psig, used the tests. 

Concentrations other pressures can predicted 
from thermodynamic data. 


Tests 
simulate various conditions full-scale plant 
proposed for utilizing the steam, the corrosion tests 
were conducted the following media: 
Discharge fluid psig (i.e., the mix- 
ture steam and water discharged di- 
rectly from No. bore.) 


Separated steam psig (i.e., the steam 


TABLE 1—Discharge Fluid Composition 


| Concentration in Concentration in 
Steam Phase, Parts | Water Phase, Parts 
| Per Million Per Million 
Constituent by Weight by Weight 
Carbon <.... | 5,400 5 
Hydrogen Sulfide.......... | 140 0.5 
| 15 3 
Chloride (CI~) | Nil 1,500 
Nil 900 
Nil 60 
Nil 300 
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phase separated from the water phase 
discharge fluid cyclone separator de- 
signed according Stairmand’s recom- 
mendations*.) Steam this type, carrying 
0.5 weight percent fine suspended 
water droplets from the separator, would 
supplied turbines full-scale plant. 


Wet separated steam psig (i.e., sepa- 
rated steam cooled approximately per- 
cent wetness simulate steam conditions 
expected the exhaust end 


Expanded steam psig (i.e., separated 
steam expanded adiabatically atmos- 
pheric pressure, thus providing small 
degree superheat (2.7 sufficient 
concentrate, but not completely evaporate 
the water droplets the steam.) Tests 
this medium were aimed investigating 
the effect slight superheat corrosion. 


Aerated steam psig (i.e., separated 
steam (30 pounds/hour) mixed with air 
pounds/hour) drawn into steam line 
means venturi injector.) Tests 
this medium were aimed investigating 
the corrosion effects standby condi- 
where air contamination steam 
can occur. 


separated steam condensed and 
cooled temperature low enough 
ensure solution the contaminant gases 
H.S (30 CO, (400 ppm).) Simu- 
lation corrosion conditions condens- 
ers formed the basis tests this medium. 


separated steam condensed boiling 
point preclude solution the contaminant 
gases and CO,.) The dissolved gas 
concentrations this condensate were 
each less than ppm. Tests this me- 
dium were used assess the significance 
low dissolved gas contents conden- 
sate corrosion. 


(i.e., aerated steam No. above, con- 
densed temperature low enough 
ensure solution (20 ppm) and CO, 
(25 ppm).) These test conditions were in- 
cluded assess the effect air contami- 
nation condensate corrosion. 


Freshwater/condensate mixture 130 


fresh, soft, oxygen-saturated, surface 
water (pH chloride content ppm) 
heated proportional injection per- 
cent separated steam.) These tests were 
aimed simulating the corrosion condi- 
tions jet condensers fed geothermal 
steam. The test conditions are rough 
more severe than will encountered 
practice, the dissolved gas concentrations 
and temperature being higher than those 
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de- 
m- 
nt. 
ns 
2—Erosion-corrosion specimens test channels (opened). Figure 3—Corrosion testing plant. 
ae 
TABLE 2—Typical Compositions Ferrous Alloys Tested 
COMPOSITION, PERCENT Tensile 
—- Strengths, 
n - ALLOY Cc Si Ss P Mn Ni Cr Mo Cu Cb Co Ton/Sq. In. 
( bon-manganese Steel!..... 0.43 0.3 O1 OL 1.5 0.1 0.2 ; 70 
Carbon-molybdenum Steel!............... 0.28 0.2 0.7 0.3 0.2 0.7 37 
M snganese-molybdenum 0.37 0.3 1.7 0.3 i 45 
‘Rex 326’ Stainless Steel*........... 0.3 0.7 3.0 17.5 17.2 3.1 2.4 7.1 45 


1 Hardened and tempered. 

2 Received as finished steam turbine blades. 

3 Hecla ATV turbine blading alloy. 

4 Firth Vickers, Ltd., gas turbine blading alloy. 
5 Annealed. 
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jet condenser operating efficiently 
geothermal turbine-exhaust steam. 


Standby conditions simulated exposing 
specimens alternately separated steam 
psig for hours and atmospheric 
air for hours. 


all the above tests, media velocities were kept 
low enough avoid erosion-corrosion effects, but 
high enough avoid depletion accumulation 
corrosion impurities the test media. 


High Velocity Tests 


further series erosion-corrosion tests were 
out assess the influence velocity 


carried 


steam corrosion. These tests were conducted the 
following media: 


Separated steam 60-70 psia and velocity 
500-600 fps simulate the erosion-corro- 
sion conditions affecting inlet-end turbine 
blading. 


Wet separated steam 15-20 psia, per- 
cent wetness, and 850-1050 fps, obtained 
controlled cooling separated steam. 
Tests this medium were aimed simu- 
lating erosion-corrosion effects 
haust-end blading turbines carrying 
geothermal steam. 


4 
a 
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TABLE 3—Typical Compositions Non-Ferrous Alloys Tested 
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Erosion-corrosion tests employed 


COMPOSITION, PERCENT 


metal specimens the form 


Aluminum Bronze!..... 0.2) 0.5 . 0.3 87.5 | 0.3 3.1 0.2 30 tric Company. Micrometer meis- 
Titanium............. Commercially-pure Sheet. Corrosion-testing 
Nickel-plated Hard nickel plating .010-inch thick. handling equipment No. 
Chromium-plated steel. . Hard chrome plating .006-inch thick. ‘ is shown in Figure. 3: 
Galvanized steel, : Hot-dip quivanising. average coating thickness .0015-inch 


Materials Tested 


1 Cast. 
Note: Min. = Minimum, Rem. = Remainder. 


Contamination 


all the above tests, except where deliberately 
added, air contamination the test media was 
avoided with the greatest possible care. The neces- 
sity for short shutdown periods inspect and main- 
tain plant prevented complete elimination air 
access, but these periods were too short cause 
significant errors corrosion-rate determinations. 
These standby periods do, however, require consid- 
eration the evaluation stress-corrosion test 
results. Similar short standby periods would inevi- 
tably occur full-scale plant operation. 

All possible precautions were taken avoid con- 
tamination test media with corrosion products 
from upstream equipment alloys more noble than 
steel. this end, stainless steel valves were used 
wherever possible, though the use copper-alloy 
valves could not entirely avoided. 


Test Methods 


Average corrosion rates were determined cou- 
pon methods following the ASTM recommended 
procedure for conducting plant corrosion The 
recommendations and Champion® were fol- 
lowed during cleaning coupons after exposure, 
with suitable correction weight losses for any dis- 
solution metal during cleaning. 

Accuracy limits plus and minus percent are 
claimed for the coupon tests results, representa- 
tive the test conditions detailed above. 

Stress-corrosion susceptibilities were determined 
with U-bend specimens described Franks, 
Binder and The majority specimens were 
loaded maximum fibre stresses slightly beyond the 
elastic limit. Some additional stress-corrosion tests 
were carried out strip specimens with two-point, 
deadweight loading, similar test methods de- 
scribed Sager, Brown and using various 
values maximum stress, and beyond the 
elastic limit. Results all stress-corrosion tests 
were based microscopic examination 
stressed surfaces for cracks. 
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With the exception titanium, 

all materials tested were typical 

commercial stock alloys commonly used 
plant. Compositions are listed Tables and 


Test Results 

Results are summarized Tables and 

Table gives average corrosion rates mils per 
year, reported one significant figure and the 
number decimal places consistent with the accu- 
racy limits the method For ex- 
ample rates less than 0.1 mil per year are reported 
zero. Occurrence pitting-type corrosion indi- 
cated the symbol (P). Most the rates reported 
represent averages number determinations. 

Table summarizes stress-corrosion test results, 
the symbol indicating fracture one test piece 
during the test period, indicating fracture crack- 
ing one specimen under test. 


Erosion-corrosion test results are summarized 
Table 


additional series tests, coupons carbon 
steel were exposed separated steam for varying 
periods time ranging 210 days. Weight losses 
the specimens showed approximately linear 
relation time exposure, with evidence 
decrease corrosion rate with time. 


Discussion 

General 

The majority the alloys exposed these tests 
showed much higher corrosion rates than those ex- 
perienced clean boiler-plant steam under similar 
conditions. Only molybdenum-bearing 
stainless steel and titanium were essentially immune 
attack under all test conditions. Behavior other 
alloys varied significantly with test conditions and 
heat treatment, indicated Tables and 
The corrosion resistance mild steel, though not 
high, entirely adequate for long service life 
equipment where moderate corrosion allowance 
can incorporated. 
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TABLE 4—Average Corrosion Rates (Mils Per Year) Various Media 


mploved 
orm Wet Freshwater/ 
ALLOY Test. Test. Test. Test. Test. Test. Test. Test. Test. 
met! od on-manganese Steel. . 1 2 4 | 3 40 
ind 3. M rel... ee 0.5 1 3 10 =. 0.1 4 20 
ing destroyed 
accu- destroyed destroyed 
Tr €x- | Note: (P) indicates occurrence of pitting type corrosion. 
orted 
indi- The protective coatings tested all gave moderate results Table 4). Table test results suggest that 
orted excellent protection air-free media, but only the steam velocity will factor more than normal 
hard chrome plating proved protective aerated the design turbines for geothermal 
sults, steam. steam, and demonstrate the value austenitic stain- 
less steels for combating erosion-corrosion attack. 
-ack- Steam Conditions very difficult, however, reproduce accu- 
Air bore fluids greatly accelerated the corrosion all relevant plant conditions pressure, wet- 
all alloys except aluminum, titanium, fraction, water droplet size etc. tests this 
stainless steel, and chromium plating. Avoidance Hence precise quantitative evaluation the 
air ingress and standby corrosion obviously will significance erosion-corrosion must await full- 
ying important geothermal steam-handling equipment. plant experience. 
sses Corrosion rates separated steam and wet 
separated steam are roughly the same order, Condensate Corrosion 
whereas rates expanded steam tend lower Corrosion rates condensate media were influ- 
than those separated steam. Expanded steam and enced persistent accumulation protective grease 
discharge fluid caused slight but significant pitting (derived from traces hydrocarbons the 
18/8 stainless steel which resisted this form steam) specimen surfaces; nevertheless they 
attack other media, and corrosion discharge illustrate the major importance dissolved gases 
fluid was generally more severe than attack sepa- and 
ex- with chloride concentrations the water phase rates gas-free condensate with high 
test media (see discussion below). rates gas-rich condensate). Aerated-condensate 
The corrosion-accelerating effect high results again illustrate the dramatic corrosion- 
velocity clearly shown results Table Hard- effect air (oxygen) contamination. 
ness alloy (roughly proportional tensile This effect confirmed tests the freshwater/ 
strength) does not appear the major factor condensate mixture, where severe attack occurred 
controlling erosion-corrosion resistance. Rate at- despite the high degree dilution condensate 
tack steam high velocity does, however, show with oxygen-saturated fresh water. design con- 
strong correlation corrosion densers for handling geothermal steam, whether 
steam low velocity, the stainless steels exhibiting the surface type the jet type, corrosion control 


high resistance erosion-corrosion (compare with obviously will important factor. 
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TABLE 5——Stress-Corrosion Test Results 


Wet 
Separated | Separated 


Expanded 


Steam, Steam, Steam, 
96-144 Day | 57-177 Day | 96-144 Day 

ALLOY Tests. Tests. Tests. 
Carbon-molybdenum Steel......... | 00 
Manganese-molybdenum Steel... .. .| xX 
Chrome-molybdenum Steel.........| & 4 


Discharge 


Aerated Gas-Free Gas-Rich Aerated Standhy 


Fluid, Steam, Conditions, 
276 Day 50-235 Day 145 Day 122-138 Day| 96-122 Day | 59-145 Day’ 
Tests. Tests. Tests. Tests. Tests. Tests 
00 00 


13 Cr Stainless Steel, as received?.. .| 00 0000000 000 
13 Cr Stainless Steel, hardened and | 

tempered at 450 C.3...........5. | 0000 | 
Stainless Steel, hardened and 

tempered at 750 Cc. | 00 | 


13 Cr Stainless Steel, annealed. 5. ; 
18/8 Cr Ni Stainless Steel.......... 00 | 
18/8/1 Cr Ni Cb Stainless Steel... . . 00 


18/12/1 Cr Ni Cb Stainless Steel... .| | | 
18/12/2 Cr Ni Mo Stainless Steel. . . 0 0 | 0 


0 | 00 0 0 00 0 0 0 

Phosplnor | 0 | 0 | 0 | 

0 00 0 0 00 0 | 0 | 0 
0 00 0 0 00 0 | 0 0 
Inconel. . . | 00 0 0 | 00 | 


x Denotes crac sich of one specimen during t test. 

0 Denotes absence of cracking on one specimen during test. 
1 Results indeterminate. 
2 Specimens machined from steam turbine blades, 
3 Brinell hardness—285. 

4 Brinell hardness—180. 

5 Brinell hardness—150. 


Brinell hardness 


Stress-Corrosion Cracking 

cracking experienced with 
hardened low-alloy steels, aluminum bronze, and 
hardened stainless steel feature extreme 
significance turbine-plant design. 

The absence stress-corrosion cracking hard- 
ened stainless steel numerous tests with air- 
free steam, and its frequent occurrence aerated 
steam, provides strong circumstantial evidence that 
oxygen contamination the steam essential for 
alloy. This conclusion does not necessarily apply 
pressures exceeding psig, other susceptible 
alloys, condensate media (see discussion be- 
low). Numerous tests have demonstrated the im- 
munity soft stainless steel this stress- 
corrosion cracking. 

The two isolated cases cracking 18/8 
stainless steel aerated steam appear related 
chloride stress corrosion described 
discussed below. 


Theoretical Aspects 


The following working hypothesis has been de- 
veloped from the above tests and from work 
Treseder and attempt rationalize 
the observed and potential influence steam condi- 
tions corrosion. 


Corrosion Unstressed Alloys. fundamental 
hypothesis first advanced the effect that, the 
low steam temperatures (less than 600 currently 
encountered Wairakei, significant corrosion the 
common engineering alloys would not experi- 
enced the absence liquid water phase 
perfectly dry geothermal steam would essentially 
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Fracture of these two specimens could have resulted from air contanination during a short shut-down period. 
190-225. 


Corrosion Test Results 


| Depth of Erosion-Corrosion Attack 
| Mils. (1 mil = .001 Inch) 
| 
| 


Steam Wet Separated Steam 


500-600 fps, at 850-1050 fps, 
ALLOY | 50-Day Test 50-Day Test 
18/8/1 Cr Ni Cb Stainless 
18/1 2/1 Cr Ni Cb Stainless 


Less than 0.5 


Less than 0.5 


Less than 0.5 


‘Less than 0.5 


“Rex 326” ’ Stainless Steel... 


Carbon- m-Moly rbdenum Steel... 1.5) | 10 

Carbon 


1 Hardened and tempered at 750 C, tensile strength 30 ton/sq. in. 


non-corrosive.) This hypothesis based the well- 
known electrochemical theory corrosion, nor- 
mal steam-plant experience, and data from plants 
handling bulk the known contaminants geo- 
thermal steam. The physical characteristics and par- 
ticularly the chemical composition the water phase 
steam therefore are assumed the major cor- 
rosion-controlling factors. 

Field evidence reviewed Wilson and in- 
dicates that most the geothermal bores are tap- 
ping homogeneous underground body water 
average temperature 490 This suggests that 
the solid and gaseous impurities the steam are 
initially present solution the underground 
water. When this water travels bore with con- 
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comitant pressure drop and partial flashing steam, 
the impurities must tend distribute themselves 
between the steam and water phases accordance 
with their equilibrium distribution coefficients. 


interpolation the Ostwald solubility coeffi- 
cients between 212 and the critical temperature, 
has calculated approximate distribution 
for major impurities the steam. From these 
the approximate relationship, for bore be- 
steam pressure and water-phase composition 
been calculated for equilibrium conditions, 
‘able Adiabatic expansion assumed during dis- 
through the bore. 

Bore shows slightly irregular behavior and ap- 
‘ars tapping water mixed with small 
nount steam. Its bottom-hole conditions prob- 


From this table observed that water-phase 
CO, and increase significantly 
ith increase steam pressure. Work the Na- 
tonal Bureau has shown that, under 
r-free conditions, dissolved CO, and H.S accelerate 
corrosion, though the effect their conjoint 
normal elevated temperatures has not 
been published. Chlorides solution are well- 
corrosion accelerators, and the inhibitive 
effects silica and other dissolved con- 
geothermal steam are potentially sig- 
ificant. 

Since water-phase concentrations corrosive im- 
purities increase rapidly with increased steam tem- 
perature and pressure, seen that corrosion test 
results low steam pressures cannot regarded 
valid high pressures, though variations over the 
range 0-100 psig should small. 

The above factors, coupled with data from corro- 
sion literature, suggest that corrosion rates should 
increase with increase steam pressure. Field ex- 
perience has partly confirmed this conclusion, and 
further experimental confirmation being sought. 
Also, the test results Table give some indication 
the significance water-phase composition 
controlling corrosion rates. For example expansion 
separated steam increases chloride concentration 
the water phase, causing pitting stainless 
cooling condensate allows solution gases which 
accelerate corrosion. 


Corrosion rates bore fluids, owing the ab- 
sence dissolved oxygen, appear controlled 
cathodic hydrogen evolution. Such evolution has 
been observed, air-free condensate, occur with 
concomitant depletion dissolved There 
little doubt that the accelerating 
effect air corrosion bore 
fluids due the depolarizing 
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environmental similarity sulfide stress corrosion 
hardened carbon steels, nickel steels, and chro- 
mium steels described Fraser, and 
others, and assumed particular case the 
same phenomenon. Test results date geother- 
mal media correlate well with oil-field experience 
sulfide stress corrosion that ferrous alloys ten- 
sile strength less than ton/sq have shown 
susceptibility stress-corrosion cracking. 

From experiments under air-free conditions Fraser 
and Treseder deduced that: 


Hydrogen sulfide responsible for the 
cracking effect. 

The presence liquid water phase es- 
sential for the occurrence stress corrosion. 


Increased acidity favors cracking. 


Chloride ion increases the severity the 
environment towards chromium steels. 


There greater probability cracking 
low than high temperature. (From the 
experimental method used Fraser and 
Treseder, this effect may have been ex- 
plained the increased concentra- 
tion the test solution low tempera- 
ture. Treseder expressed later 
that high temperature alone will not pre- 
vent 

addition the above factors, tests Wairakei 
indicate that the presence dissolved oxygen accel- 
erates cracking chromium steels. 

The above basic requirements for sulfide stress 
corrosion are found the steam Wairakei; hence 
may deduced that the major factors controlling 
cracking air-free geothermal fluids are, order 
importance: 


concentration the water phase. 


concentration the water phase (by 
its effect ruling temperature and 
pressure). 
Chloride concentration the water phase. 
Variations composition the water phase with 
increased pressure suggest that stress corrosion se- 
verity may increase with increase steam pressure. 
demonstrated transcrystalline 
corrosion austenitic stainless steel 
contaminated steam under conditions where concen- 
tration chlorides water phase the metal 
surfaces could occur. Absence this type stress 


TABLE 7—Effect Pressure Equilibrium Water-Phase Composition 


action dissolved oxygen, even 

metastable condition (oxygen (Degrees 

slowly reacting with form 

free sulfur). 
Stress-Corrosion Cracking. The 600 

cracking experienced these tests 


Calculated 

Dryness Approximate Water-Phase Composition, ppm 

Fraction 

of Steam CO2 He2S ci- HsBO. SiO2 
0.38 0.5 0.05 1520 190 350 
0.28 5 0.5 3 1500 160 300 
0.23 15 1 1400 150 280 
0.15 50 4 1300 135 250 
0.10 120 8 1200 130 240 
0.05 330 17 1120 120 225 
0.00 1500 40 5 1080 115 215 
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corrosion the expanded steam, where similar chlo- 
ride concentration was present, contrast crack- 
ing 18/8 stainless steel experienced 
aerated steam, suggests that the presence oxygen 
may essential factor. The evidence, however, 
not conclusive and further investigations are indicated. 


Hydrogen Embrittlement. Hydrogen sulfide so- 
lution temperatures below the atmospheric boiling 
point well known causative agent for hydrogen 
embrittlement and blistering steel. Little known 
the effect higher temperatures. 

Wairakei, hydrogen embrittlement and slight 
blistering have been experienced gas-rich con- 
densate and separated steam. The calculated effect 
high pressure increasing the concentration 
the water phase bore steam again indicates 
that hydrogen embrittlement may more active 
high than low pressures, factor considerable 
importance affecting the behavior bore casings 
depth. also may become important separating 
equipment higher wellhead pressures are obtained 
the future. 


Miscellaneous. Test results and plant experience 
date Wairakei agree satisfactorily with the 
above working hypothesis. Extension the tests 
high pressures and perfectly dry steam media are 
being planned provide further useful data and 
check the above theories. 

Experimental investigations corrosion-fatigue 
the steam have not yet been conducted. re- 
garded axiomatic that any medium causing de- 
tectable corrosion alloy (especially pitting) 
will reduce its fatigue life. 


Application Test Results Plant Design 

result these corrosion tests the following 
precautions design full-scale plant utilize the 
geothermal steam are present envisaged: 

Avoidance alloys which exhibited poor 

corrosion resistance the tests. 

Use small turbines with relatively low 
tip speeds, permit construction with 
standard materials the low-tensile con- 
dition, thus 
cracking and 
sion low-pressure blading. 


Incorporation corrosion allowances, 
where necessary, equipment fabricated 
from steel, which will the chief con- 
structional material. 

Use protective coating systems where 
applicable. 

Removal, wherever possible, corrosive 
impurities from the steam system 
venting off and CO, heat ex- 


Use corrosion-resistant austenitic stain- 
less steels for some critical parts. 
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Application, during plant shutdown, 
techniques designed minimize standby 
corrosion. 


Conclusions 


From corrosion tests described above, the 
ing practical conclusions may drawn: 


The geothermal steam obtained Waira- 
kei definitely more corrosive than clean, 
boiler-plant steam because the impuri- 
ties present (particularly chlorides, 
and Careful consideration corrosion 
factors will essential plant design. 


bo 


the presence air oxygen the geo- 
thermal fluids become extremely corrosive 
most engineering alloys. Thus, any 
plant utilizing the steam, measures for 
avoiding countering standby corrosion 
air ingress will essential. 


Sulfide stress-corrosion susceptible al- 
loys presents potentially 
for stressed equipment exposed geo- 
thermal fluids. This will particularly 
important turbines. 


Hydrogen embrittlement steel requires 
consideration the design steam- 
handling equipment, and potential 
importance equipment handling geo- 
thermal fluids high pressure. 


The projected extension corrosion and 
hydrogen-embrittlement tests high- 
pressure conditions are considerable 
practical and theoretical interest. 
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DISCUSSION 


Comments Tracy, The American Brass 

Company, Waterbury, 

authors have certainly given data unusual 
problem. They are complimented 
the careful work they have done under conditions 
not lend themselves easy toil. 

The results obtained with the copper alloys follow 
inore less what would expected that the 
corrosion rates are low under conditions where oxy- 
ven concentration was low and highest when oxygen 
was present. 

The fact that the corrosion rate copper was the 
same that brass (Muntz metal) interesting. 
our own laboratory tests, have found that 
Muntz metal much more resistant than copper 
sulfide corrosion. the present instance, may 
that the high corrosion rate the brass was caused 
not sulfide attack but dezincification, due 
the action the large amount carbon dioxide 
the steam. description the condition specimen 
after test would give added information. Muntz 
metal not generally used for condenser tubes 
steam plants today, because its tendency toward 
dezincification. Arsenical admiralty arsenical alu- 
minum brass are most widely used. These alloys are 
resistant sulfide corrosion and owing the pres- 
ence small amounts arsenic are also resistant 
dezincification. Information the resistance 
these two alloys under the several conditions test 
would useful. 

the stress-corrosion tests these copper alloys, 
only the cast aluminum bronze cracked. have 
found that wrought aluminum bronze, with nomi- 
nal percent aluminum, percent iron, remainder 
copper, will stress-corrosion crack under stress. Our 
tests have shown that alloy, such 
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Muntz metal, much more susceptible stress- 
corrosion cracking than brasses with percent 
more copper. Moist ammonia the presence 
oxygen the only agent know which causes 
stress-corrosion cracking copper alloys. 


Reply Marshall: 


From Table seen that, most the test 
environments, the corrosion rate 60/40 brass was 
significantly lower than that copper, feature 
amply confirmed plant experience and confirma- 
tory Mr. Tracy’s laboratory tests. aerated geo- 
thermal media, however, brass and copper corroded 
similar rates. Mr. Tracy correctly deduced that 
this effect aeration was due severe dezincifica- 
tion the brass, layer-type dezincification penetrat- 
ing depth 0.025 inch 144 days beneath 
compact surface layer black corrosion products. 
Under the same conditions, copper produced loose, 
voluminous corrosion product the form acicular 
cuprous sulfide crystals (about inch long) orien- 
tated perpendicular the corroding surface and 
forming non-protective coating. 

air-free media, superficial dezincification 
brass (approximately 0.002 inch deep) occurred be- 
neath tenacious and obviously protective surface 
film corrosion products. Copper under air-free con- 
ditions formed thin cuprous sulfide surface films 
which repeatedly flaked away from the underlying 
metal and were obviously non-protective. The physi- 
cal behavior the respective surface films appears 
account for the higher corrosion resistance 
brass air-free media. 

cannot, yet, offer information the be- 
havior inhibited brasses geothermal media since 
tests are not yet complete. However, inhibition 
brasses expected confer improved corrosion 
resistance. The problem condenser tube dezincifi- 
cation does not yet arise this field, where ample 
cooling water supplies and the high concentration 
non-condensable gases the steam favor the use 
jet condensers preference tubular condens- 
ers. Recycling condensate is, course, not re- 
quired. 

The stress corrosion cracking aluminum bronze 
presents several curious features. The cracking 
showed marked similarity sulfide stress corrosion 
steels, that single fractures traversed the entire 
specimen cross-sections, and did not show the 
branched, multiple cracking commonly encountered 
stress corrosion copper-base alloys ammonia. 
Since ammonium compounds are present 
steam, ‘season cracking’ brass would expected, 
but has not been encountered. These unusual fea- 
tures present problems for further investigation, 
which hope undertake the future. 


Any discussions this article not published above 
will appear the June, 1957 issue. 
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Introduction 


OST the thousands miles buried 
intercity telephone cables now utilized the 
System have been placed within the last 
years. description the various types buried 
cables has been given several papers presented 

The older types, such tape armored and wire 
armored cables, have certain construction features 
common. The lead sheath these cables first cov- 
ered serving jute over which placed the 
steel tapes galvanized armor wires. the outside 
the steel tapes armor wires another serving 
jute placed. These jute servings are impregnated 
with preservative compound. 

The impregnated jute flooded with asphalt will 
absorb moisture from the soil. Its resistance will 
vary depending upon the conductivity the soil 
waters (i.e., the amount ions the water.) 

The steel tapes galvanized armor wires the 
cables mentioned above are bonded the lead sheath 
splice points. The dissimilar metals, combined 
with the ionized moisture the impregnated jute, 
set galvanic cell which the steel tapes gal- 
vanized armor wires act anodes the presence 
neutral acid soil waters. The lead sheath thus re- 
ceives cathodic protection the expense the steel 
tapes galvanized armor wires. There have been 
known failures the lead sheath these type 
cables due corrosion non-stray current areas. 
The steel tapes and armor wires were found, how- 
ever, corroded through few instances. 


Testing Methods 


There are limited locations where contact can 
made intercity buried cables for cable soil po- 
tential measurements. These cables are maintained 
under gas pressure. Pressure testing valves are gen- 
erally accessible above the surface the ground, 
marker posts, about every 3000 feet. Contact can 
made the cable these points. addition, cur- 
rent flow test points are usually installed follows: 


every splice point (900 3000 foot 
spacing depending upon the size and type 
cable) proximity railroads equipped 
with signalling. 


half mile intervals when the cable route 
closely parallels electric railways. 

one mile intervals, three and one 
half mile intervals depending upon other 


% Submitted for publication March 27, 1956. A paper presented at 
the Twelfth Annual Conference, National Association of Corrosion 
Engineers, New York, N. Y., March 12-16, 1956. 
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Testing Methods and Corrosion Control Measures 
For Buried Telephone 


DANIEL WERNER 


DANIEL WERNER charge cable cor- 
rosion control engineering, Western 
American Telephone and Telegraph Company, 
Kansas City, Missouri. has been electro! 
ysis work telephone cables since 1934. 
holds and degrees from Rose Polytechnic 
Institute Terre Haute, Indiana. 


Abstract 


Most the thousands miles buried telephone 
cable installed the Bell System have been placed 
within the past years. Although relatively few 
serious corrosion troubles have been experienced 
these cables date, investigations have indicated that 
damage due corrosion this type plant may 
expected increase unless special mitigative meas- 
ures are employed. 

The number miles cable involved has made 
desirable the development special layout records 
which will serve base for recording such field 
data potential cable reference electrodes, 
sheath current flow measurements, location cor- 
rosion troubles, etc. One such record developed 
the author described. 

The difficulty involved obtaining access buried 
cable the frequent intervals desirable for measure- 
ment current flow the cable sheath has led 
consideration other means testing more pre- 
cisely locate areas current loss and the amount 
current discharged the soil. Testing methods now 
under field trial the author are discussed. 

Utilization data obtained the above methods 
determine the probable life cable from corro- 
sion standpoint and for balancing the estimated cost 
remedial measures for expected cable life against 
the cost replacing the cable some future date are 
also described. 


factors. The one mile longer interval 
between test points general where other 
structures are not present the vicinity 
the cable route. 

The test point intervals vary provide 
test points pipe line crossings and 
areas adjacent galvanized wire armored 
cable sections. Experience has shown that 
current various amounts will generally 
discharged into wire armored sections. 


The distance between current flow test points may 
such that current pickup and discharge from the 
cable may occur without definite evidence such 
action being indicated measurements made the 
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TABLE Current Pickup and Current Loss Areas’ 


Potential to Roving 
Potential to Half Cell Placed an 
Roving Half Cell) Equal Distance Each 
Placed Over Side of the Struc- | Col. (2) | Col. (3) | Col. (4) 
Center Line of | ture Being Tested | Minus | Minus Plus 
Structure Col. (1) | Col. (1) | Col. (5) 
TEST | Being Tested Left Right | 
(2) (3) (4) (5) (6) 
| —.38 —.33 | —.32 +.05 +.06 +.11 
2 —.38 —.48 | —A7 —1 | —.09 —.19 
3 —.63 —.58 | —.57 +.05 +.06 +.11 
| 


nalysis of half cell readings was made to determine current pickup 
nd current loss areas when the roving half cell was placed first over 
e structure being tested then an equal distance of four feet to 25 
et each side of the structure being tested. 


Interpretation Test Results 


Columns (4) and (5) are both positive for any particular 
result then current leaving the structure the earth. 

Columns (4) and (5) are both negative for any particular 
result then current entering the structure from the 
( rth. 

Columns (4) and (5) are both positive and negative 
Test then cross currents flowing through the earth are 
sufficient magnitude confusing. 

Column (6) the addition Columns (4) and (5) and 
minates the confusing effect cross currents. positive 
indicates current flow from the structure the earth 
aid negative value indicates current flow the structure 
the earth. 

NOTE: The above interpretation the test results should 
geod where the earth resistivity fairly uniform 
direction the line the structure, the earth 
soil and does not contain any metal placed man 
the structure being tested. The presence any other 
such pipes and discarded cans and the like will 
the earth gradient and render the analysis difficult 
impracticable. 


current flow test points. points current loss 
the cable soil potential may test somewhat more 
but the change potential may less than 
millivolts from that current pickup points. 
Cable soil measurements the pressure testing 
valve points may not reveal any significant change 
cable soil potential. 


Gradient Tests 


The fact that the cable soil potential may test more 
negative current loss areas has led the development 
method testing which may described 
Surface Potential Gradient Testing. This method 
has been used pipe line people for number 
years. based the voltage drop through the 
the measurements being made the surface 
the earth. Methods utilizing these tests 
buried intercity cables already have been 

Table shows how current pickup and current loss 
areas may determined from data obtained 
these tests and Figure shows some the circuits 
that may used its application. 


Interpretation Results 

The results obtained Columns (1) and (6) 
Table are plotted versus the distance along the struc- 
ture. The length the current loss area can then 
determined from the resulting Analysis the 
graph will also indicate where additional current flow 
test leads should installed determine the amount 
current flowing into the current loss area order 
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TWO_HALF CELLS AND 
LERQ CENTER METER 
Fixed position + Roving 
half cell half 
h 
scale 
-B- 
LEFT ZERO METER 
Roving 
Fixed position 
half cell 
Rev. Sw. 
eamecs 90 tomes 10 ohm 2 or 4 watt wire wound potentiometer 
AND ONE HALP CELL~ 650 ohm 25 watt Ohmite potentiometer 
ZERO CENTER METERS 


1.5 volt No. 6 dry coll-—> 


Structure being 


tested 
Roving 
half cell 
-D- 
AND ONE HALF CELL P ie ohm 2 or 4 watt wire wound potentiometer 
LEFT CENTER METERS 


aa 350 ohm 25 watt Ohmite potentiometer 


1,5 volt No. 6 dry cell—> 


Structure being 
tested 


Set this voltmeter to some even tenth of a volt which —> 
will make the millivoltmeter read between sero and mid 
scale at the marker or reference point from which the 
tests are to be started. 


CONTACT TO STRUCTURE AND ONE HALF CELL 
SING POTENTIOMETER = VOLTMETER TO 


Rev: 
half cell 


10 turn helical potentiometer 

with compound dial to read 

turns and hundredths of a 

turn. Each hundredth of a 

turn will be one millivolt 

when voltmeter is set to one volt 
and each turn will be 100 millivolts. 


MEASURE POTENTIAL 


4 watt wire wound 


Ext. Batt. 


4.5 V7 voltmeter. 


Sw. 


Set this voltmeter to some whole —— Roving 


numbered volt. Multiply 
potentiometer reading by this 


voltage to get actual millivolts, Structure being tested. 


Figure 1—Meter circuits for earth potential gradient testing. Milli- 
voltmeter should least 200,000 ohms per volt. 


determine the current discharge rate and the prob- 
able structure life which will discussed later. 

The Surface Potential Gradient testing method 
slow and experience has indicated much territory 
may covered before any significant possible corro- 
sion condition revealed. order make the 
method more practicable, there under development 
method automatically recording the variations 
the structure soil potential strip chart. Visible 
changes the terrain which might contributing fac- 
tors variations the structure soil potential would 
noted the strip chart. Such recordings would 
made selective basis first, followed more 
general application appeared desirable. 


Measurement Current Structure 

The current flow structure current flow 
test points can conveniently determined the 
null zero resistance ammeter method. buried 
cables the present standard length cable bridged 
for the current flow measurements feet. each 
end this foot section paired test leads are 
soldered the cable and the ends terminated 
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TEST CIRCUIT 


CONTACT ASSEMBLY 


CLAMPED ON CABLE 


TEST RESULTS 


CURRENT 


GALVANOMETER GALVANOMETER MAKE 
BEAM LIGHT BEAM AVERAGE 
DEFLECTION, DEFLECTION, ZERO. 


CLOSED. 


AND OPEN. 
REVERSING SW. 
POS. NEG. 


GALVANOMETER 
POSITION 


eo 


TO MAKE 
GALYANOMETER 
READ THE SAME 
AS IN COLUMNS 


Figure 2—Schematic circuit diagram test circuit. 


FIELD RECORD FORM 


FOR ELECTROLYSIS TESTS ON BURIED CABLE - ADJUSTMENT OF ANODE CURRENTS 


Figure 3—Form MAW-213 (field record form for electrolysis tests 
buried cable and adjustment anode currents.) 


marker posts. Figure shows schematic circuit 
diagram test circuit which was used deter- 
mine the accuracy the method when measuring 
the current flow inches cable sheath such 
might available manhole. The measure- 
ment currents few milliamperes over short 
lengths cable sheath discussed paper re- 
cently published Corrosion.® 

Vigure the current represents the unknown 
current flowing the structure which causes volt- 
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age drop measured the galvanometer. The current 
known current superimposed the calle, 
This current varied until the galvanometer 
zero. Under this condition the current should 
exactly the same value the current 

Thermal potentials produced contacts appear 
have considerable influence the accuracy 
are minimized obtaining values the superi:1- 
posed current with the galvanometer leads norn 
and reversed and averaging the two values 


and also shielding the measuring equipment 
the direct rays the sun. 


Cable Soil Potential Criteria 


There are many different structure soil 
tential criteria there are kinds metals buried 
the soil. When reference half cell placed over 
the center line buried structure and out the 
raised earth potential field any cathodic 
installations, satisfactory potentials some metals 
might shown the following table: 


Satisfactory Structure 
Soil Potential 
Measured Copper- 


Kind Metal Copper Sulfate 
Buried the Soil Reference 
Copper 
Lead 
Steel —0.85 
Galvanizing (Zinc) —1.05 to—1.1 


The figures given for copper, lead and steel are 
considered sufficient overcome any small galvanic 
potentials that might exist. The figure given for 
galvanizing based field experience newly 
installed cables where the zinc neither picking 
current from discharging current the earth. 

Zinc, being amphoteric metal, may consumed 
when alkaline environment such may some- 
times produced the application cathodic 
protection. Furthermore the galvanizing 
armor wires without the application cathodic pro- 
tection may expected last for only years. 
would appear, therefore, that any considerable re- 
duction the galvanized steel wire armor earth 
potential would indicative loss the galvanizing. 


Locating Magnesium Anodes for Cathodic Protection 


has been found that structures having high 
attenuation cathodic protection currents, the re- 
medial measures must installed very close 
the current loss areas. Telephone cables having 
outer covering jute are generally this category. 
There appear two methods which cathodic 
protection using anodes can applied correct 
current loss condition. The method selected should 
governed the relative attenuation the nat- 
ural galvanic currents flowing compared the 
attenuation any drainage currents which may 
applied. The two methods are follows: 


those cases where the natural galvanic 
currents attenuate faster rate than any 
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TYPE 


ANODES SHOULD BE CONMECTED TO THE VALVE PIPE STUB CABLE ON 
THESE TYPE CASLES WHEN THE MILLIVOLT DROP ON THE ELECTROL~ 


FOR THESE TYPE CABLES. 


YSIS CURRENT FLOW TEST LEADS CAM BE REDUCED BY CONNECTING 
THE ANODES TO THE GAS VALVE PIPE. 


1F GAS VALVE PIPE 1S MOT AVAILABLE AND PAIRED CURRENT 
FLOW TEST LEADS ARE PROVIDED, ANODES MAY BE CONNECTED TO 
” ONE WIRE OF ONE PAIR OF THESE TEST LEADS. Ta 


IF A GAS VALVE PIPE 1S NOT AVAILASLE AND ONLY SINGLE ELEC- ows 
TROLYSIS CURRENT FLOW TEST LEADS ARE PROVIDED, ANODES 


SHOULD 3E CONNECTED TO A SEPARATE WIRE SOLDERED TO SHEATH 
(JP AND TP CA), COPPER JACKET (TPC (3) CASLE) OR STEEL 
TAPE 30NDED TO SHEATH (GP AND GPTP CA3LE). 


ECTION 1S NORMALLY ELECTRICALLY CONNECTED TO THE SHEATH AT ADJACENT 
LICE POINTS. ON TAPE ARMORED AND WIRE ARMORED CABLES, THE ELEC~ 


PAIRED ELECTROLYSIS CURRENT FLOW TEST LEADS ARE SPECIFIED 


ANODES SHOULD BE CONNECTED TO THE VALVE PIPE STUS CABLE 
ON THESE TYPE CABLES WHEN THE MILLIVOLT DROP ON THE ELEC~ 
TROLYSIS CURRENT FLOW TEST LEADS CAN BE REDUCED BY CON- 
NECTING THE ANCDES TO THE GAS VALVE PIPE. 

1F A VALVE PIPE 1S NOT AVAILASLE, CONNECT ANODES TO A SEP- 
ARATE WIRE SOLDERED TO THE STEEL TAPES AS INDICATED IN 
FIG. NOS. 4 AND 5 IM CASE OF MTA CABLE. 


ANODES MAY BE CONNECTED TO ONE WIRE OF THE PAIRED ELEC- 
TROLYSIS TEST LEADS OM TA CABLES BUT AT THE POINT OF 
ATTACHMENT OF THIS PAIR TO THE CABLE THE LEAD SHEATH AND 
TAPE ARMOR MUST BE SONDED TOGETHER. 


ANODES MAY BE CONNECTED TO ONE WIRE OF THE PAIRED ELEC- 


OUTER PROTECTION WILL BE INDICATIVE OF THE CURRENT FLOWING OW THE OUTER 
PROTECTION FROM A CORROSION STANDPOINT. 
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SEE 
CONMECTION OF ANODES FiG. 
NOS. 


AMODES MUST NOT CONNECTED TO VALVE PIPE OR CONTACTOR 
TERMIMAL STU3 CA3LE OR TO THE SHEATH OM THESE TYPE CARLES. 
ALSO THE CA3LE SHEATH SHOULD NOT SE 30NDED TO THE CopPER 
JACKET OR ARMOR WIRES. 


WF PAIRED ELECTROLYSIS CURRENT FLCW TEST LEADS ARE PR 
VIDED ON THE TPC (M3) CA3LE THE ANODES MAY 3E CONNECTED TO 
ONE WIRE OF ONE PAIR OF THESE TEST LEADS. 


SINGLE ELECTROLYSIS CuRaEMT FLOM TEST LEADS ARE 
VIDED ON THE TPC (m3) CA3LE ANODES SHOULD CONNECTED TO [869 
A SEPARATE WIRE SOLDERED TO THE COPPER JACKET. 


PAIRED ELECTROLYSIS TEST LEADS ARE SPECIFIED FOR wATP 

CAILE. AMODES MAY BE CONNECTED TO ONE WIRE OF THE PAIRED 
ELECTROLYSIS TEST LEADS. HOWEVER, AT THE POINT OF aTTAcH- |! 
MENT OF THIS PAIRED TEST LEAD TO THE wikE Aamo? IT 1S REC 
ESSARY THAT CONNECTION 3E MADE TO ALL AMOR WIRES AS OUT- 


FLOW TEST LEADS, THE ZERO RESISTANCE AMMETER METHOD (MULL METHCD) WILL 
NOT INDICATE THE TOTAL CURRENT FLOWING ON THE WIRE Aamca. 


LN AA FUTURE FOR MEASURING CURRENT FLOW ON TH 1S NECESSARY THAT CONNECTION 3E MADE TO ALL ARMOR WIRES A: PAIRED ELECTROLYSIS CUAAENT FLOW LEADS SHOULD BE PROVIDED 
OUTLINED IN NOTE 4. in_ TP CARLE IN THE FuTUaE. 
TES MOTE 2 (CONT'D) WOTE (CONT'D) 
TAPE, STEEL TAPES, COPPER JACKET WIRE LASHED THE LEAD SHEATH SPLICES AND POINTS LAYERS TAPE COAT. 
LEAD SHEATH TYPE MATERIAL ELECTROLYSIS CURRENT FLOW TEST LEADS. THE CURRENT MEASURED WILL SWA, DWA AND THE WIRES ARE MEANS 
GOOD CONDUCTOR ELECTRICITY. HENCE THE TOTAL CURRENT THE THE COMBINED CURRENT LEAD STEEL TAPE. CLAMPING RING MAKES CONTACT WITH ALL ARMOR WIRES AND 
MANNER. THIS POINT WITHOUT SOLDERING THE WIRES 
TECTION, (COPPER JACKET WIRE PURPOSELY KEPT ISOLATED WIRES ARE AND WILL NECESSARY THE WIRES 
FROM THE LEAD SHEATH THE THERMOPLASTIC INSULATION. FAULTS TOGETHER OUTLINED UNLESS CONTACT ALL 
| 


YSIS CURRENT FLOW TEST LEADS ARE NORMALLY SRIDGED OVER A SECTION MOTE 
THE CUTER STEEL PROTECTION ONLY. THUS WITH LARGE DISTANCES 3€~- 
"EEN SPLICE POINTS THERE MAY 3E A CURRENT PICKUP ANO CURRENT LOSS 
vTHEEN THE OUTER STEEL PROTECTION AND EARTH AND CURRENT FLOW MEASURE~ 
| -cnTS OM THE OUTER STEEL PROTECTION ONLY MAY BE INDICATIVE OF CONDI~ 


FIG. Fi 


GAS VALVE PIPE 
(MAY BE AT EITHER 
ENO OF SPLICE) 


ELECTROLYSIS: 
TEST LEADS 
(PAIRED) 


(PAIRED) 


| SPLICE OR 
SHEATH OPENING 

DIRECTION OF INCREASING 

| MARKER MUMBERS 

| 

| 


TEST LEADS 
(PAIRED) 


| GAS VALVE PIPE 
(WAY BE AT EITHER 
END OF SPLICE) 


SPLICE OR 
SHEATH OPENING 


DIRECTION OF INCREASING 
| MARKER WUMBERS 


FiG. 3 


ELECTROLYS! 
TEST LEADS 
(PAIRED) 


TEST LEADS 
(SimGLe) 


DIRECTION OF INCREASING 
MARKER HUMBERS 


ALL ARMOR WIRES MAY 3E BONDED TOGETHER BY PLACING COAXIALLY ALONG THE TOP 
SIDE OF THE WIRE ARMOR A PIECE OF BONDING RIBBON OF SUFFICIENT LENGTH TO 
COVER ONE COMPLETE SPIRAL OF ONE ARMOR WIRE, THE SONDING RI3BON SHOULD 
THEN JE SOLDERED TO EACH ARMOR WIRE UNDER THE BONDING RIBZON. ASOUT 


DIRECTION OF CURRENT FLOW 


TEST LEADS 
(PAIRED) 


THERE MAY BE ONE OR MORE WIRES ON A MARKER WOT CORRECTED TO THE CA3LE- 
TESTS SHOULD SE MADE TO SEE THAT THE wiRE TO WHICH THE ANODE IS TO 3E 
CONNECTED 1S ALSO CONNECTED TO THE CAdaLE. 


ELECTROLYSIS: 
TEST LEADS 


GAS VALYE PIPE 
(way 3€ AT EITHER 
End OF SPLICE 


LECTROLYSIS 
TEST LEADS 

SPLICE OR 
SHEATH OPENING 
to" 
DIRECTION OF INCREASING 
MARKER BUMBERS 


MTA CABLE GAS VALVE PIPE 


POSSIBLE GAS VALVE PIPE TEST LEADS 
POSSI3LE SPLICE OR 

SHEATH OPENING 
(MAY 3E OW EITHER 
SIDE OF TEST LEADS) 


DIRECTION OF CURRENT FLOW 


POSSI3LE GAS VALVE PIPE 


END OF SPLICE 


SPLICE OR 
SHEATH OPENING 


OR 
OF CURRENT Flow 


TEST LEADS 
SPLICE 

SHEATH OPENING 
SIDE TEST LEADS) 


Figure 4—Form MAW-214 (notes connection with the application anodes buried cable and figure numbers for use with Figure 3.) 


applied drainage currents, the current loss 
area can mitigated installing magne- 
sium anodes each side the current loss 
area reduce zero the natural galvanic 
currents entering the loss area. The anode 
currents each end should adjusted with 
the anodes the opposite end disconnected. 
This the simplest solution. 


bo 


.In those cases where the anode drainage 
current attenuates faster rate than the 
natural galvanic current existing, distrib- 
uted system anodes will required 
throughout the loss area. 


Figure shows form prepared assist the 
adjustment anode currents and provide record 
“before” and conditions. companion 
this form shown Figure This latter form indi- 
cates the preferred method connecting anodes 
the various types cables for various directions 
current flow and various test lead arrangements 
which have been used the past. 


Economic Aspects Mitigative Measures 
The amount current flowing cable, the 
length cable over which current discharge tak- 
ing place and the corrosion rate the metal are 


the major factors affecting the life buried cable 
from corrosion standpoint. applying the follow- 
ing assumptions these factors the author’s 
opinion that the life buried cable may predicted. 


The rate discharge the current earth 
follows logarithmic curve. 


The insulation resistance the impregnated 
jute covering, flooded with hot asphalt, 
uniform along the cable resulting uni- 
form current discharge earth over any 
one foot cable being considered. 


Although the validity these assumptions may 
questionable, they provide the basis for the prep- 
aration nomograph which the author believes 
may used guide determine whether reme- 
dial measures may economically applied spe- 
cific lengths buried cable. 

Figure shows nomograph which has been pre- 
pared for certain types lead sheath cables. The 
probable life the lead sheath years estimated 
drawing two straight lines indicated the 
key the nomograph. 

Even the assumptions mentioned above not 
hold and the life years the cable actually 
much shorter, believed factor may applied 
based local conditions and experience which will 
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Figure 5—Nomograph used determining the life the lead sheath 
gopher protected, jute protected, and buried tape armored toll 
cables. This device can used when the current the lead sheath 
known and the length cable known over which percent the 
current being discharged earth the tape armor through the 
moist jute. Uniform leakage resistance earth per foot cable 
assumed. Note regarding use nomograph: Scales and may 
multiplied divided the same number without changing the value 
the equation. 


permit use the nomograph for estimating pur- 
poses. The corrosion rate used the nomograph 
based the maximum rate discharge the 
measured current per unit length within the 
length cable over which tests indicate the dis- 
charge taking place. 

The length cable over which the discharge 
taking place should first determined Surface 
Potential Gradient Tests. The maximum rate cur- 
rent discharge should also determined from meas- 
urements the current the cable each end 
the discharge area the null zero resistance 
ammeter method mentioned previously. 

From the measurements current and the length 
structure over which the discharge occurring, 
reference the nomograph will give the maximum 
current discharge over one foot length the 
structure and the life expectancy the structure 
with this current density. may then determined 
cost basis whether the installation cathodic 
protection measures immediately, replacing the 
structure when fails, will provide the most eco- 
nomical result. 

general rule might apply remedial measures 
the estimated life the structure determined from 
the application the test results the nomograph 
less than the assumed life the structure used calcu- 
lating its depreciation rate. should also noted that 
although the remedial measures applied are designed 
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Approximate Area of Wire Armor in Contact With Earth - 
Square Feet Per Foot of Cable 
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Figure 6—Nomograph for determining the life the wire armor 
single wire armored cables when the current the wire armor known 
and the length the cable known over which percent this 
current being discharged earth. Uniform leakage resistance 
earth per foot cable assumed. Note: The and scales may 
multiplied divided the same number without changing the value 
the equation. find maximum discharge density milliamperes 
per square foot wire armor divide maximum discharge rate square 
feet wire armor area per foot cable. 


prevent possible corrosion trouble the area 
where the current loss greatest, the structure 
adjacent the area greatest current loss would 
also receive certain amount cathodic protection. 

Exceptions the above general rule would 
where the structure passes under body water, 
such flooded rice field, lake, creek low area, 
which might difficult handle case 
emergency. Intercity telephone cables which frequently 
cross lakes, creeks, rivers, drainage ditches and the 
like are often the buried wire armored type 
such sections. The current loss such cables some 
cases might conceivably confined the galvanized 
armor wires. determination the current loss 
area using the Surface Potential Gradient method 
testing discussed previously and from knowl- 
edge the magnitude the current flow, nomo- 
graph such shown Figure for the steel wire 
armor might indicate the probable life expected. 

The armor wires may however corrode even though 
there apparent current flowing them and ex- 
tremely long life such the nomograph might 
indicate cannot accurately predicted. 

Where sections wire armored cables have been 
installed for mechanical protection against dredging 
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Figure 7—Electrolysis record. 


operations, boat anchors, creek banks washing out, 
cathodic protection for the armor wires essen- 
tial. Where sections wire armored cables have 
used only means mechanical protection 
during construction, cathodic protection for the armor 
wires frequently may considered not necessary. 


Corrosion Protection Record 


The number miles cable installed, the variety 
types cable, together with such various items 
(1) the location current flow test points, (2) 
pressure testing valves, (3) insulating joints, (4) pipe 
lines and railway crossings, (5) cathodic protection sys- 
tems other structures, (6) magnesium anode rec- 
tifier installations, and (7) paralleling pipe lines and rail- 
way systems, has made desirable provide some kind 
suitable record for the use electrolysis testers 
and for reference purposes. Since these items have 
such important bearing upon electrolysis test 
results, the form herein described was devised that 
plot the electrolysis test results and the plant layout 
would coordinated the same record. 


Figure shows the two ends this form. The 
form approximately inches high and inches 
long overall and divided into blocks several 
sizes. Block numbers are shown the left hand side 
the form. Block for example, used indicate 
marker, station manhole numbers. the right 


hand side the form shown the essential informa- 
tion for its 

The most commonly used scales for current and 
potential measurements are indicated the right 
hand end the form. Blank optional scales are also 
provided for the insertion other scale values 
desired. There are major scale divisions each side 
the zero line. The scale may made uniform 
over the entire divisions uniform over divi- 
sions, then changed larger scale for the remain- 
ing divisions. The 10th line shown dashed and 
indicated scale change line. This scale changing 
feature permits occasional high values current 
voltage recorded without congesting large 
number small values current voltage read- 
ings. 

using the form, the plant layout placed 
Block and the marker manhole numbers Block 
the form. film Van Dyke negative then 
made. The film negative will produce the best subse- 
quent prints and can used repeatedly. The film 
negative used for plotting annual routine meas- 
urements special voltage and current readings. 
The form will appear proper order when viewed 
from the back side the film negative and the plots 
voltage and current can made the back side 
the film pencil. Repeated erasures can made 
the pencil lines. Minor changes the layout can 
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also made the film desired, scraping off 
any existing information and adding the new infor- 
mation. 

Unsatisfactory corrosion conditions needing cor- 
rction may indicated Block making the 
annual line solid heavy line throughout the un- 
satisfactory area. unsatisfactory condition for which 
correction not considered justified may shown 
this same block making the annual line dashed 
heavy line throughout the area question. trans- 
ferring this information the original copy the 
form annually required, one original can used 
for nine years. 

The type chart illustrated, for maintaining 
record conditions along the route long buried 
cable, has been found value not only from 
testing standpoint but also relating changes 
conditions due the proximity other structures 
cathodic protection systems installed 
cinity the cable route. 


Conclusions 


The above discussion intended present some 
the factors involved considering the application 
corrosion control measures buried intercity 
communication cables. will noted from the fore- 
going that many factors are involved and that meas- 
urements “structure earth and “cur- 
rent structure” are only two the criteria which 
must considered the application protection 
buried cables. 
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NATIONAL ASSOCIATION CORROSION 


DISCUSSION 


Question Frank Kulman, Consolidated Edison 
Company New York, New York, 


The nomographs enable the prediction 
life. this the probable life the galvanizing, 
life the steel armor protection, the time 
penetration the lead sheath? 


Reply Daniel Werner: 

Figure covers the determination the life 
lead sheath certain types buried lead shea 
telephone cable. based 100 percent tie 
metal being consumed. The corrosion rate nit 
expected uniform and gas leak the 
sheath may develop much less time than tle 
nomograph indicates. Thus correction factor 
have applied the indicated life. would 
nice able predict the lead cable sheath 
but the thought behind the preparation the 
nomograph was provide some guide assist the 
maintenance people deciding whether remedial 
measures should applied now later. 

Figure covers the determination the life 
the armor wires only single wire armored lead 
sheathed cable based the amount steel the 
armor wires. based 100 percent the wires 
being consumed. Although the armor wires are gal- 
vanized, the effect this galvanizing neglected 
the nomograph. The galvanizing, until con- 
sumed, might increase the expected life the armor 
wires about ten years over what the nomograph 
shows. The nomograph indicates that the life the 
armor wires alone could several times ten years 
with the smaller amounts current. The steel armor 
wires, being bonded the lead sheath the splices, 
act sacrificial anode the lead sheath acid 
neutral soil conditions. Where wire armored 
bles are concerned, appears that the steel the 
armor most influential extending the life 
the lead sheath. 
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NACE TECHNICAL COMMITTEE REPORTS 


Report the Test and Inspection Work Group* 


Publication 57-12 


Evaluation Laboratory Testing Techniques 
For Cooling Water Corrosion Inhibitors 


Introduction 


TEST and inspection subcom- 
Coast Cooling Waters has com- 
the project evaluation four 
testing techniques for cooling 
corrosion inhibitors. This project 
initiated December, 1953 de- 
differences the order merit 
inhibitors when tested different 
companies revealed that 
ach company had its 
ethod screening inhibitors the 
with knowledge how 
different methods correlated with 
other and with plant conditions. 
subcommittee set two sets 
tests. The first was conducted make- 
Brazos river water, using 100 ppm 
all inhibitors and 6.5. The 
second set was Brazos river water, 
which had been concentrated 2.5 times 
Carbide and Carbon Chemicals 
Company’s cycle water pilot plant, us- 
ing the vendors’ recommendations with 
respect inhibitor concentration and 
control. 


Test Results 


All tests were run strict compliance 
with appended specifications. Table 
gives analyses water used both tests 
and Table shows inhibitor concentra- 
tions and values for the concentrated 
water tests. Inhibitor the uncon- 
centrated water tests 
acid. The inhibitors were dif- 
ferent generic types and code letters 
were used for identification. The trade 
names are not mentioned this report 
for obvious reasons. Tables and list 
the order merit the inhibitors 
determined the several test methods 
make-up and concentrated Brazos 


TABLE 1—Analysis Brazos River Water 


| 
| | 


Concentrated 
Make-Up 2.5 Times 
(Nov., 1954) | (Sept., 1956) 
60 ppm 958 
Ca as CaCOs.. : 117 | 530 
Mg as CaCOs..... 36 167 
Silica..... 10.4 20 
30 | 594 
lurbidity 85 
7.5 | 8.5 


*L. M. Roger, Carbide and Carbon Chemicals 
Co., Texas City, Texas. 

*c, P. Dillon, Carbide and Carbon Chemicals 
Co., Texas City, Texas. 


Task Group T-5C-1 Corrosion Cooling Waters (South Central 


river water respectively. Data are also 
included from the cycle water pilot plant 
for comparison. The pilot plant con- 
structed simulate field conditions with 
the exclusion process contaminants. 

The merit ratings the several meth- 
ods testing show that the dynamic 
flow test correlates best with the pilot 
plant test data. The spinning rod and 
spinning disc tests rated the inhibitors, 
random manner, differently from 
each other and from the dynamic flow 
test. The static test showed very little 
difference among inhibitors and the rat- 
ings differ considerably from those 
other tests. Both pilot plant and dy- 
namic flow tests rejected two inhibitors 
due very poor protection, while none 
the other methods rejected any in- 
hibitors. 

The conclusions drawn from the data 
Tables and are that the dynamic 
flow test preferable the other labo- 
ratory tests for screening inhibitors for 
cooling water corrosion recirculating 
systems. The static test value only 
when quiescent conditions are encoun- 
tered, water storage. 


Specifications for Testing Cooling 
Corrosion Inhibitors 


Part 1—Reporting Data 
recommended that the following 


Abstract 


Four laboratory corrosion inhibitor 
testing techniques were employed to 
determine the best. method of testing 
and to set up specifications for carrying 
out these tests. The conclusicns were 
that the dynamic flow test is the only 
one which gives accurate screening of 
inhibitors for use in recirculated sys- 
tems. The static test can be applied to 
storage of water. It was also concluded 
that an inhibitor must be run in a pilot 
plant for quantitative data inhibition 
of corrosion, scaling, pitting, tubercula- 
tion, and effect on heat transfer. Spe- 
cifications for carrying out laboratory 
and pilot plant tests have been set up 
and some recommendations for plant 
procedure are made. 2.3.4. 


standard procedures followed data 
from various sources may compared 
and evaluated. 

Report all corrosion data inches 
penetration per year. cases where 
specimens are exposed duplicate 
triplicate, report data individual spec- 
imens that the normal variations 
among specimens may established. 
Describe the conditions exposure 
the coupons they are not the same 
each case. 

Report the frequency and severity 
pitting. Frequency defined the 
percentage the total area which 
pitted. Actual pit counts are desirable, 
but most cases limited facilities and 


TABLE Make-Up Brazos River Water 


100 ppm Inhibitor 6.5 


Inhibitor Rating | Dynamic Flow 


1 (best) © A 
2 D E 
3 E D 
4 A* B 
5 (worst) B* Cc 


Spinning Rod 


Spinning Disc Static Pilot Plant 
D D 
A A E 
B A* 
E E B* 


* Rejected. 


TABLE Concentrations and Controls 


Inhibitor General Type bs 
A Ferricyanide-poly phosphate 50 
Cc Chromate-polyphosphate 50 
D Organic chromate 50 
E Zinc-polyphosphate 40 
| | 


PPM 


Control pH 


30 ppm total phosphate 5.8—6.3 
17-20 ppm total phosphate 5.8—6.3 
25-30 ppm chromate M. Alk. 50-75 ppm 
12-15 ppm meta phosphate 6.6—7.3 
25-30 ppm total phosphate 5.8—6.3 


TABLE 4—Tests Brazos River Water Concentrated 2.5 Times 


Inhibitor Rating Dynamic Flow 


5 (worst) | A*® 


Spinning Rod 


Spinning Disc 


* Rejected. 
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the time involved are prohibitive. Sever- 
ity pitting should reported max- 
imum pit depth inches per year fa- 
cilities for measuring this are available 
(microscope micrometer). 

Give general description the 
type pitting and the coupons be- 
fore cleaning, outlining the amount and 
type corrosion products present. 

Describe scale heat exchange 
surfaces any present. 

Give the generic type inhibitor, 
its concentration, and velocity 
the test solution. 


Part 2—Specimen Preparation and Clean- 
ing 

Specimens are cut from cold 
rolled SAE 1020 steel and finished 
120-grit surface. Weigh the speci- 
men the nearest .0001 gram 
analytical balance. 

clean the specimens after expo- 
sure wash with soap mild abrasive 
using rubber stopper tooth brush 
remove the corrosion products. 

Clean bare metal using reagent 
grade concentrated 
inhibited with percent stannous chlo- 
ride and percent antimonious oxide 
weight. 

Wash the acid-cleaned specimens 
with water, dry them and place 
desiccator until weighed. 


Part 3—Laboratory Testing 


Static Test 

Prepare coupons according proce- 
dure outlined above. 

2.Use 200 water per sq. in. 
exposed coupon. 

and changed each hours. 

Test duration days under quies- 
cent conditions. 

ature unless other data especially 
desired. Report the temperature. 


Spinning Disc 

Use 2-inch diameter discs with 200 

water per sq. in. exposed coupon. 

Test duration hours the ab- 

sence aeration. 

Prevent any vortex from touching the 
specimens. 

Run tests room temperature, 

Insulate test specimens and report the 
rpm the disc. 


Spinning Rod 


procedure for the spinning rod 
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test the same for the spinning 
disc except for the The rpm 
and diameter the rod should 
reported. 


Dynamic Flow 

Place two test coupons the reser- 
voir, which must have minimum 
capacity gallons. 

Place two more test nipples the 
discharge the centrifugal pump 
connected series with rubber tub- 
ing. The test nipples may inches 
long inches diameter 14- 
inch gauge. These nipples must 
protected externally from atmospheric 
corrosion either grease clear 
(removable) plastic. 


Use least 200 water per sq. 
in. exposed coupon per day ex- 
posure. 

Test duration 100 hours with daily 
determinations inhibitor concentra- 
tion and the system. 

Maintain the level the system con- 
stant using distilled make-up water. 
Using immersion heater and thermo- 
static controls, maintain the temper- 
ature which corresponds most closely 

with the main cycle towers. 

Report the linear velocity the water 
through the test nipples. 

not pretreat specimens higher 
inhibitor concentrations before exposure. 

Laboratory tests are used 
screening tests only eliminate mate- 
rials which obviously are not suited 
the cooling system question. The 
dynamic flow test preferred for most 
tests except where specific problems are 
encountered which conform one 
the other 


Part Plant Tests 

The system should have 
mum capacity 5000 gallons. 

test heat exchanger with remov- 
able tube bundle should used and 
the old tubes replaced with new tubes 
after each run. 

The choice coupons test nip- 
ples optional. 

minimum test duration four 
weeks used with one test coupon 
evaluated after each week’s exposure. 

The cycles concentration 
water the pilot plant should corre- 
spond the plant cooling cycle. com- 
plete water analysis should made 


Vol. 


daily and inhibitor concentration and 

measurements should made 

hourly during the run. 

The velocity water and 
ature the heat exchanger should 
respond plant conditions nearly 
possible, with the water the tube 
shell side depending plant con 
tions. 

ing data, outlined above, the 

exchanger should photographed 
fore and after cleaning for permane 

record. Test nipples should split 

after exposure for examination after 

weight loss has been determined. 

The heat exchanger should 
temperature measuring devices tle 
steam and water inlets and outlets 
the water flow rates controlled 
heat transfer data may calculated. 

The pilot plant will give very 
signed that conditions are 
between runs different inhibitors. The 
design must correspond nearly 
possible plant conditions with respect 
velocities, temperatures, pH, etc., for 
the most useful results. 

Tests the plant cooling cycle are 
not standardized here because the var- 
ious systems differ considerably with 
respect process contamination and 
other variables such those mentioned 
the previous paragraph. The follow- 
ing suggestions are offered concerning 
the plant tests: 
reporting plant test data, com- 
plete water analysis should made 
once during the test reported 
along with the control analyses made 
during the period. Any unusual oc- 
currence, such extremely high 
low values, should 
even though short duration. 

time-corrosion rate curve should 

plotted. 

The test duration should mini- 
mum four weeks. 

test heat exchanger with remov- 
able tube bundle may installed 
evaluate scaling and pitting. addi- 
tion visual examination, scale can 
evaluated heat transfer data 
the proper temperature measuring de- 
vices are employed. 

The velocities through the heat ex- 
changer and test nipples should 
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NACE TECHNICAL COMMITTEE REPORTS 


Second Interim Report 
Tentative Recommended Specifications for 


Asphalt Type Protective Coatings 
For Underground Pipe Lines— 


Mastic Systems 


NACE Technical Unit Committee T-2H 
Asphalt Type Pipe Coatings* 


Section 1—Description 


systems for pipe lines shall 
consist prime coat followed 
coating dense, impervious, essentially 
voidless mixture asphalt, mineral ag- 
gregate and mineral filler which may 
include asbestos fibre. The minimum 
permissible thickness shall 
The finished mastic coating shall 
painted with whitewash. 


1.2 The coating system shall selected 
the engineer and shall conform 
one the types specified paragraph 
2.7 


Section 2—Materials 


Primer—The asphalt primer 
shall homogeneous, free from water 
and shall meet the 
ments: 

Bond strength, psi 


(mastic primer)......... 150+ 
Bond strength, psi 
(mastic primer)......... 75+ 


Flash point (open tag), 
Distillation: 
Distillate (percent total 
distillate 680° 


Residue from distillation 
680 volume percent 
Tests residue from 
distillation: 
Softening point (ring and 


Asphalt Binder—The asphalt binder 
shall petroleum asphalt containing 
mineral matter other than that naturally 
present the asphalt. shall uni- 
form character, free from water and 
shall not foam when heated 400 
The engineer shall select the grade 
used determined the intended 
pipe line operating temperature. The 
grade selected shall meet the following 
requirements when tested accordance 
with the methods enumerated Table 


* Austin 8S. Joy, Brumley-Donaldson Co., 
Huntington Park, California, chairman. 


Mineral Aggregate—The mineral ag- 
gregate shall consist properly graded, 
clean, nonmicaceous, dust-free sand and 
mineral filler such that, when blended, the 
mixture shall within the limits speci- 
fied Table The material shall 
sound and may either the loose, gran- 
ular product resulting from the natural 
disintegration rock, the product 


TABLE 1—Asphalt Binder Characteristics 


Publication 57-14 


Abstract 


Asphalt-type mastic systems for application 
underground pipe lines are described, 
materials characteristics specified and ap- 
plication methods and minimum satisfactory 
coatings indicated. Included among the 
recommendations are surface preparation 
criteria, priming methods, electrical inspec- 
tion, pipe handling methods and mainte- 
nance. An appendix details methods for 
testing both bond strength for primers and 
pipe line coatings themselves. 5.4.5 


Operating temperature, °F... 
Softening point (Ring and Ball), °F.............. 
Penetration at 77 F, 100 g, 5sec................. 
Flash point (Cleveland Open Cup), °F............ 
Loss on Heating at 325 F, 5 hour, percent... r 


GRADE 

80— 125— 210— 
150-175 175-200 250-265 

21-25 15-17 7-11 5-8 

450+ 450+ 
0.5— 0.5— 0.5— 

2.5+ 1.0+ 
99.0+ 99.0+ 99.0+ 99.0+ 


crushing larger material. Mineral filler 
shall added the sand only suf- 
ficient amount obtain the specified 
tolerances the fine aggregate. 


Mineral Filler—The mineral filler 
shall consist thoroughly dry lime- 
stone dust other mineral dust ap- 
proved the engineer. shall free 
from lumps and loosely bonded aggre- 
gations. When tested means labo- 


2.5 Asbestos Fiber—The asbestos fiber 
shall willowed give loose density 
not more than 10.5 per cu. ft. 
shall contain not more than percent 
weight moisture. 


TABLE Aggregate Gradation 


Passing, Percentage by 
Weight for 
Coating Thickness 


j Fine, Under 


Coarse, Over 


ratory sieves, shall meet the follow- Size No. Inch Inch 
ing requirements: 

Sieve Passing, Percent 
67—90 100 
Size No. Weight 36—43 

100 85+ 19—23 23—26 
TABLE Mixture Characteristics 
GRADE 
| 
Tensile strength at 32 F, lb./sq. in., min........... | 250 
Tensile strength at 77 F, lb./sq. in., min........... 125 150 160 165 
Depression at maximum recommended operating 
temperature, percent of original thickness, max; 

Electrical resistance of depressed portion of coating | 


| 
( ; 
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3 
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| | 
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| 
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2.6 Exterior White Coating— White- 
wash for the painting the exterior 
mastic coated pipe line shall consist 
quick lime mixed slowly with water 
the proportion two pounds quick 
lime one gallon water. 


Characteristics Mastic Mixture— 
Mastic mixture shall meet requirements 
Table when tested accordance 
with the methods hereinafter included. 


2.8 Thickness Mastic Coating— 
Minimum thickness the mastic coat- 
ing shall inch. However, sufficient 
thickness shall used insure that 
the finished coating shall withstand 
spark gap test potential that will 
jump between the electrodes spaced 
inch further apart than the maximum 
thickness the applied coat. 


2.9 Approval Materials—Prior 
use, certified analysis all materials 
proposed used under these speci- 
fications shall submitted the engi- 
neer. requested, samples shall sub- 
mitted for test and analysis, material 
shall used until has been approved 
the engineer. 


otherwise noted, methods testing 
shall the latest revision methods 
adopted the American Society for 
Testing Materials. 


Asphalt Primer 

Strength—See Appendix 

Flash Point—Method test approved 
method test T79 

method test D88 

Distillation—ASTM method test 

Penetration—ASTM method test 

Softening Point—ASTM method test 

Solubility Carbon Tetrachloride— 
ASTM method test D4, except that 
Method No. 

Asphalt Binder 

Softening Point—ASTM method test 


Penetration—ASTM method test 


Flash Point—ASTM method Test 
Loss Heating 325 F—ASTM 


method test 
method test D113 
Solubility 
ASTM method test D4, except that 
Method No, 
Sieve Analysis—ASTM method test 
D546 
Tensile Strength—See Appendix 
Impact Test—See 
Bending Test—See Appendix 
Depression Test—See Appendix 
Electrical Resistance—See Appendix 


Section 3—Construction 
and grease the surfaces the metal 
shall removed thoroughly flush- 
ing and wiping using fresh petroleum 
solvent and clean rags. After cleaning, 
the pipe shali protected from and 
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maintained free all oil, grease and 
dirt from whatever source until the pipe 
has received its final coating. All metal 
surfaces shall thoroughly cleaned 
blasting. Surfaces that rust before 
priming coat has been applied shall 
reprepared. Adequate air separators 
shall used remove effectively all 
oil and free moisture from the air sup- 
ply the blaster. Any pipe showing 
faults after preparation shall set aside 
for reconditioning rejection, 


Asphalt Priming—The use as- 
phalt primer that becomes fouled with 
foreign substances has thickened 
evaporation the solvent will not 

The primer shall applied uniformly 
the clean dry surface manner 
approved the engineer. Bare spots 
holidays shall recoated with 
additional application the primer. 

The engineer may require the pipe 
reprimed undue delay surface 
contamination occurs between the appli- 
cation the prime coat and the coating 
application. When the primer has dried 
extent acceptable the engineer, 
the mastic may applied. 


Asphalt Mastic Pipeline Coating 
Application— When necessary 
blend two more sands produce the 
aggregate, each sand shall weighed 
separately insure accurate control 
the final mixture. Each sand shall 
thoroughly dried before weighing. 

All sands shall heated (not over 
450 that when run into the pug 
mill and mixed thoroughly with the 
proper amount asphalt and limestone 
dust, the resulting temperature the 
mastic mix shall between 280-400 

The asbestos fiber shall weighed 
out and willowed give density 
not more than 10.5 per cu. ft. just 
before adding the hot aggregate and 
mineral filler the pug mill. 

The asphalt shall heated not 
over 425 before weighed and run 
into the pug mill except Grade 
which may heated maximum 
temperature 460 

The hot mastic mixture shall ap- 
plied the primed surface manner 
acceptable the engineer. 


Electrical Inspection—An electrical 
inspection the completed coating 
shall made means approved 
electrical flaw detector and all defective 
areas shall suitably patched. 


3.5 Handling Coating Materials and 
Coated materials shall 
transported and stored such man- 
ner prevent damage contami- 
nation. 

The coated pipe shall handled 
such manner minimize damage. 
Wherever the coated pipe supported, 
approved the engineer. All bearings 
areas shall inspected and damaged 
areas repaired. 

Whenever the bottom the ditch 
contains projecting rocks 
jects which might puncture the protec- 
tive coating, the bottom the ditch 
shall padded with minimum six 
inches backfill material free hard ob- 
jects that might damage the coating. 


The coated line shall lowered 


manner satisfactory the engineer, 

The ditch shall backfilled 
depth least one pipe diamete 
above the top the pipe, unless 
rected otherwise the engineer, wit! 
material free from hard sharp object 
which might damage the coating. 

Backfilling shall conducted 
and abrasion the exterior 
the pipe. 


3.6 Special Operations—Pipe sections, 
couplings, fittings shall joined to- 
gether and protected manner ac- 
ceptable the engineer. However, extra 
thickness mastic shall required for 
al! sections where the protection man- 
ually applied. 


Special Provisions for Shop-Pro- 
tected Pipe—Shop-coated pipe shall 
all times stored and transported 
such manner prevent damage 
the coating. 

The length pipe left bare 
ends shall with in- 
structions supplied the 


these operations shall type sat- 
isfactory all respects the engineer. 
equipment shall used which may 
cause undue damage the pipe pro- 
tective system. 


Miscellaneous here 
river weights, supporting anchoring 
devices, special coating materials are 
used, they shall attached applied 
such manner not damage the 
protective coating. The river weights 
shall given protective coating. 

Mill-coated pipe shall have reflec- 
tive surface adequate minimize soft- 
ening due sunlight. 


Section 4—Cathodic Protection 
4.1 The engineer shall determine the 
extent cathodic protection required. 


4.2 When cathodic protection in- 
stalled, shall installed accord- 
ance with procedures established 


the T-2C Committee NACE. 


Section 5—Maintenance 
5.1 Cathodic Protection—The degree 
cathodic protection which 
established shall maintained ac- 
cordance with the procedures estab- 
lished the T-2C Committee the 
NACE. 


5.2—Coating Repairs—When excava- 
tions are made for leak repairs, tie-ins, 
lateral connections, any 
pose, all damaged deteriorated coat- 
ings shall repaired. 


Mastic Tensile Strength 

Specimens 1.0 square inch cross- 
sectional area, prepared molds 
fied ASTM 190 and immersed 
hour, shall removed from the water 
bath and immediately tested suit- 
able tensile testing machine which 
loaded the rate pounds per 
minute. After each test, the jaws which 
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hold the specimen shall removed 
the machine and immersed the 
vater bath until the next specimen 
(usually about one minute). The 
oad pounds per square inch which 
ailure occurs shall determined for 
specimens and their average re- 
the mastic tensile strength 
Other specimens shall tested 
similar manner for tensile strength 
and the failure load recorded. 


Mastic Bending Resistance 

The resistance the mastic 
cracking during bending shall meas- 
specimen bent over inch mandrel 
the rate degrees per minute. 
The specimens shall removed from 
the controlled-temperature water bath 
and tested immediately. The elapsed 
time seconds from the start the 
test until the first crack appears shall 
determined, and the average for three 
test specimens each specified temper- 
recorded the mastic bending resist- 
ance that temperature. 


Mastic Impact Resistance 

The impact resistance the mastic 
115 Page Impact Machine hav- 
ing 2-kilogram hammer. The test spec- 
imens shall cylindrical and shall 
2.5 centimeters diameter and 2.5 cen- 
timeters high. The specimens shall 
removed from the controlled-tempera- 
ture water bath and tested immediately. 
centimeter height, the 
hammer the impact machine shall 
raised centimeter before each succeed- 
ing blow struck. The height which 
the hammer must raised this man- 
ner produce crack the specimen 
shall obtained. The average for 
three specimens each the three test 
temperatures (32 and 115 
shall determined and recorded the 
impact resistance that temperature. 


Mastic Resistance Deformation 
(Depression Test) 

The specimen mastic for this 
test shall inch thickness and 
ing ring shall encompass the specimen. 
The specimen shall bonded as- 
phalt primer steel plate which has 
been sand blasted. The resistance the 
mastic deformation under pressure 
shall determined measuring the 
depression that occurs when inch 
diameter flat-faced rod pressed against 
the specimen with pressure 
pounds per square inch after and 
hours. The rod and sample shall 
held the specified maximum operat- 
ing temperature (see Table for the 
duration the test. The mastic resist- 
ance deformation shall recorded 
centage the original thickness, The 
depth depression measured the 
drop level the penetrating rod and 
micrometer. 


Mastic Electrical Resistance 


The crater the specimen result- 
ing from hours depression the test 
for Mastic Resistance Deformation 
shall filled with normal sodium 
chloride solution and allowed stand 
for hours. The electrical resistance 
the depressed portion the coating 
shall determined attaching one 
lead ohmmeter the steel back- 
ing plate and immersing the other lead 
the salt solution. The resistance shall 
recorded megohms per square foot 
the surface the bottom the de- 
pressed mastic, which shall assumed 


Note: All test results that vary more 
10% from the averages shall be rerun. 


than 


APPENDIX 
for Bond Strength Asphalt 
Primer for Asphalt Mastic Coated 
Pipe Lines 


Scope 

This method intended meas- 
ure the strength the bond provided 
asphalt primers between mastic 
coating and pipe line metal, when the 
test conducted under standard condi- 
tions. 


Apparatus 

The apparatus shall consist the 
following: 

Mixing Equipment—The mixing 
equipment shall consist mixing 
bowl, paddle and suitable mixer. 

Oven—The oven shall the 
convection ventilated type, capable 
being maintained temperature 

Water Bath—The water bath shall 
capable maintaining specified tem- 

Steel Plungers—Two cylindrical 
steel plungers, 1.128 0.001 inch 
diameter square inch) and suffi- 
cient length gripped firmly the 
jaws the testing machine. One end 
each plunger shall machined flat, 
and its plane shall right angles 
the axis the plunger. shall then 

hollow cylindrical steel 
mold shall have inside diameter 
1.130 0.001 inch. 

Testing Machine—The testing ma- 
chine shall capable maintaining 
able jaws and universal joints that 
the steel plungers bonded the mastic 
the asphalt primer can gripped 
tightly and held alignment the load 
applied. 


Preparation Test Specimens 

Mixing Mastic—The detach- 
able mixing bowl and paddle and the 
aggregate mixture, shall heated 
and paddle shall then attached the 
mixer and the required amount as- 
phalt binder Mixing shall con- 


ASPHALT TYPE PROTECTIVE COATINGS FOR UNDERGROUND PIPE LINES 


After mixing, the bowl containing the 
mastic shall placed the oven and 

Priming Pistons—The sand- 
blasted end each piston shall- 
covered with the asphalt primer 
tested, the primer being flowed onto the 
surfaces with brush. The primed 
pistons shall allowed cure room 
temperature for hours and shall then, 
together with the mold, placed the 
oven and maintained temperature 

Bonding Mastic Pistons—A 
sufficient amount the hot mastic 
form layer approximately inch 
compacted thickness shall placed be- 
tween the primed surfaces the plunger 
the mold and compressed 1500 
pounds per square inch pressure for one 
minute double plunger action. The 
plungers, with the mastic between them, 
shall then carefully pushed from the 
mold, placed vertical position, and 
left cool room temperature for one 
hour. They shall then immersed 
the water bath, maintained the speci- 
fied testing temperature either 
for one hour. 


Procedure 

The specimen shall tested im- 
mediately upon removal from the water 
bath. 

The steel plungers shall 
placed the testing machine that their 
long axes shall coincide with the direc- 
tion the applied pull through the 
center line the grip assembly. The 
load shall applied immediately the 
rate pounds per minute and 
shall continued failure. The load 
required produce failure shall 
reported the mastic primer bond 
strength, expressed pounds per square 
inch 


Methods Testing Asphalt Mastic 
Pipeline Coatings 


Scope 

These methods cover the examina- 
tion asphalt mastics for use the 
construction asphalt protective coat- 
ings for pipelines. 


Preparation Test Specimens 

detachable mixing bowl and 
paddle, and the aggregate mixture, shall 
375 The bowl and paddle 
shall then attached suitable 
mixer and the required amount as- 
phalt added. Mixing shall continued 
mixing, the bowl containing the mastic 
shall placed the oven maintained 
for minutes. While still the oven, 
portions the mastic shall removed 
needed prepare the test specimens. 
The total elapsed time that the mastic 
remains the oven, however, shall not 
exceed minutes. All test specimens 
shall prepared the following order: 
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Bending specimens 

Impact specimens 

Tensile strength specimens 
Deformation specimens 


for testing shall com- 


pressed 1500 pounds per square inch 
molds which the necessary amount 
the mastic has been placed. After 
cooling and curing room temperature 
overnight, the briquettes shall im- 
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mersed water bath maintained 
the specified temperature for least 
one hour before testing. least four 
specimens are required for each 
above tests. 


3 
| 
4 
4 


at least 
ast four 


NACE TECHNICAL COMMITTEE REPORTS 


Contribution the Work 
NACE Technical Unit Committee T-2C 


Minimum Current Requirements 


Some Observations 
Cathodic Protection 


Introduction 

Minimum criteria for the measure- 
complete protection buried 
ipelines are needed the corrosion 
meet his increasing responsi- 
assure public safety and, 
instances, prevent major eco- 
omic loss from pipe penetration 

the absence universally ac- 
epted criterion for complete cathodic 
protection pipelines, several criteria 
are used, among the more common 
which are: 
Pipe reference electrode potential 

electrode remote 

electrode ground over pipe 

electrode close pipe 
Measurement current flow into the 
pipeline with the McCollum Earth 
Current Meter. 

Change the pipe-to-reference elec- 
trode potential 200 300 millivolts. 
“apparent” break the pot.-log 

c.d. relation. 


The authors have observed that while 
these criteria often indicate “adequate” 
protection, leaks sometimes continue 
occur, usually lower rate, even 
though the minimum requirements 
most the criteria have been met. 

Much work has been done many 
investigators determine reliable criteria 
which will show that corrosion has been 
stopped the application cathodic 
protection. However, most this work 
has been done the laboratory, and 
from the standpoint practicability, 
one reliable criterion which used 
under all conditions the 
been agreed upon. nearly every tech- 
nical meeting, the burning question 
arises, “How you decide upon the 
current required for cathodic protec- 
tion?” 

This not indication lack 
appreciation the investigators the 
field engineer’s problem. Rather, 
might indication that some the 
important factors involved 
ignored the field and that attempts 
are being made over-simplify in- 
herently complex situation. 

The objective this paper com- 
pare model pipeline corrosion sys- 
tem which embodies some the possible 
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geometric and environmental conditions 
the criteria commonly used. hoped 
this paper will lead better under- 
standing the relationship between the 
pipeline corrosion mechanism and the 
meaning the cathodic protection 
criterion used. 


Background 

Although the cathodic protection prin- 
ciple well known and has been used 
increasingly during the last years 
noted that many engineers place great 
reliance some single criterion em- 
pirical value indicate the protective 
state. 

The resulting opinions made 
analysis 136 replies Question- 
naire’ prepared 1948 National As- 
sociation Corrosion Engineers Com- 
mittee T-4 (now T-2C) “to ascertain 
whether not there was any proven 
procedure for determining the effective- 
ness cathodic protection” showed: 


There was single thoroughly 
proven criterion for cathodic protec- 
tion pipelines used for all condi- 
tions. 

Minimum current requirements prob- 
ably are variable from place place 
and from time time. 

the replies describing the criteria 
used, there were least different 
procedures values potential, cur- 
rent reference electrodes mentioned. 

survey 1953 the American 
Gas criteria for protec- 
tion bare pipelines show more 
unanimity the methods used the 
utility industry. Reference electrode lo- 
cations for measuring protective poten- 
tial are reportedly over the pipeline and 
distances from 400 feet away. 

comprehensive survey the three 
general forms cathodic protection cri- 
teria current density, pipe-to-soil 
potentials and current potential curves 
used pipelines prior 1945 was made 

More recently, Logan* compared four 

cathodic protection criteria pipe sec- 

tions inches outside diameter (80 

120 feet length) buried high 

(16,000 ohm cm) and low 90-230 ohm 

cm) resistivity soils. high resistivity 

soils, wide disagreement current re- 
quirements was found between the 

“apparent” break the 

c.d. relationship pipe potential change 
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Abstract 


A comparison of cathodic protection criteria 
has been made on a 240-foot length of bare 
6-inch pipe (steel) buried in 16,100—55,900 
ohm. cm. soil. Anodic areas of representa- 
tive size and position were established on 
the pipe by coupling high purity zinc plates 
through measuring circuits. 

Some of the cathodic protection criteria 
observed simultaneously on the pipeline in- 
clude: 1. Measurement of the closure cir- 
cuit current flow between the zinc plates 
and the pipe. 2. The McCollum Earth Cur- 
rent Meter. 3. Pipe-to-reference electrode 
potential. (a. electrode remote. b. electrode 
on ground over pipe. c. electrode close to 
pipe.) 4. The “apparent” break in the pot.- 
og c.d. relation. 

Further tests were conducted with a 
buried copper-iron ball corrosion system— 
to eliminate edge effects. 

Evaluation of the test data and funda- 
mental considerations show: 1. Short lines 
of corrosion current continue to flow at the 
anode-cathode boundary even though the 
net closure circuit current flow is made 
zero. 2. Short lines of corrosion current 
continue to flow even though there is no 
current flow through the soil a ta. by a 
McCollum Earth Current Meter. 3. To stop 
short lines of corrosion current flow, the po- 
tential of the pipe measured against a 
reference electrode must be made increas- 
ingly more electro-negative when the refer- 
ence electrode is positioned further from 
the pipeline. 4. In a mixed (anodic- cathodic 
control) corrosion system, the “apparent” 
break in the pot.-log c.d. relation is not a 
reliable indication of protective current re- 
quirements. 

The study directed toward criterion re- 
quirements for approaching “complete” 
rather than cathodic protection. 

5.2.4 


reference electrode over the 
CuSO, reference electrode. was rec- 
ommended that this disagreement among 
the criteria used should investigated. 

The public utility commissions 
least seven states have become con- 
cerned with the possible hazards high 
pressure transmission lines through resi- 
dential areas and have prepared regula- 
tory codes which include provisions for 
protective coatings and other corrosion 
control methods. inevitable that 
further development these codes will 
aimed assuring complete corrosion 
control. The NACE statement Mini- 
mum Requirements for Protection 
Buried indicates that some 
reliable criterion for cathodic protection 
must established. 


Test Pipe Line 


Through the efforts Wade, 
Chief Corrosion Engineer for the Trans- 
continental Gas Pipe Line Corporation, 
his company laid 240 feet bare 6-inch 
pipe with welded joints remote lo- 
cation (Figure 1). The nearest under- 
ground structure l-inch water line 
approximately 800 feet away. The line 
was laid level terrain depth 
three feet and the soil was well tamped 
during the backfilling. 

The resistivity the soil which 
the pipe was buried varied from 22,000 
55,900 ohm. centimeters 
depth (soil box measurement); 16,100 
pin spacing (four pin measurement); 
and from 20,300 44,700 ohm. centi- 
meters 6-foot pin spacing. 

Insulating flanges were placed the 
line 100 feet from each end order 
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Figure 2—Pipeline cathodic protection criteria test arrangement. 


Figure (representing anode areas) secured pipe. 


that the current collected the 40-foot 
center section could measured and 
end effects minimized. Test lead wires 
were attached each the three iso- 
lated sections (Figure 2). di- 
ameter, thick zinc disk (anode 
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No. was secured the top the 
pipe five feet from the west end the 
center section. The insides all 
anodes were covered with polyethy- 
lene tape insulate them from the steel 
pipeline. the center the 40-foot 


pipe section, sheet the zine 
inches wide (anode No. was placed 
completely around the pipe 
lated from (Figure 3). Four-inch 
ameter zinc disks were also placed 
the 40-foot section (anode No. 3), cne 
the bottom feet from the west 
and one (anode No. the side 
feet from the west end. The 
were high purity zinc (.009% 
.0003% Fe) which was supplied 
New Jersey Zinc Company. The 
test lead wires secured each 
anode were brought above ground 
allow measurement the closure 
cuit current and potential. 
piece 6-inch pipe was verii- 
cally the earth approximately 
feet north the test pipeline serve 
ground bed for cathodic 
current. 


Preliminary Anodes 


Before the anodes were 
the pipe and thus allowed 
current with possible resulting polariza 
tion, the voltage between each then: 
and copper-copper sulfate 
electrode was measured. This was 
October 13, 1955. September 21, 
1956, these measurements were 
anodes No. and with the results 
shown Table 


When the anodes all were connected 
the pipe through ammeters, the val- 
ues anode, corroding currents 
measured shown Table 

The internal resistance between 
anodes and pipe was measured with the 
results shown Table 

The internal resistance the west in- 
sulated flange was found 53.2 
ohms, and the east flange, 35.0 ohms. 


Surface Potential Profile 

type corrosion survey known 
the surface potential survey widely 
used attempt locate anodic 
areas pipe line making use 
the fact that current flowing from pipe 
earth and then through the earth into 
the pipe cathodic areas, produces 
drop through the earth. This effect 


TABLE 
10-13-55 
(After 
Anode | 11:00 am Testing) | 9-21-56 
TABLE 
Anode Milliamperes 
TABLE 
Anode Ohms 


Figure 1—Assembled test pipeline site before burial. 
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measured the ground surface 
two reference half cells over the 
apart. observing the polarity 
the potential difference between the half 
the direction current flow 
the earth determined. One 

cell then placed the same dis- 

beyond the other and new read- 

taken. The survey continued 

manner through the area interest 

the readings obtained 

otted against distance. The compara- 
slopes the graph segments are 

terpreted providing means lo- 
iting anodic areas the line. 

order determine ground surface 

ntative anodic areas pipeline, 

the voltage change 

tween the pipe and reference 

ectrode placed the ground surface 
rectly over the pipe were taken while 
circuit between each zinc anode and 

‘pe was opened and closed individually. 

rior this testing, voltage readings 

‘tween the pipe and reference electrode 

ere taken with all anodes open and 

ith the reference electrode placed di- 

ctly over the pipe 2.5-foot intervals 

ong the 40-foot central section. The 
sults are shown “Anodes Open” 
The reference electrode was 
placed directly over zinc anode 

readings between pipe and half cell 

ere taken while the circuit between 
and pipe was opened and closed. 
process was repeated with the ref- 
electrode placed over the pipe 
2.5-foot intervals along the 40-foot pipe 

These results corroborate recent 
work® conducted pipeline uni- 
form environment. They indicate that, 
while large anodic areas which produce 
more long line currents can located, 
the surface potential survey will not 
sense small anodic areas such those 
which may caused small pieces 
clay contacting the pipeline sandy 
backfill. 


Earth Current Meter 

The measuring, sensing, element 
used for earth current measurements 
called cantilever electrode. This con- 
sists narrow strip micarta 
each end which are mounted two 
small reference electrodes spaced 
inches apart. Mounted between 
them are two metal soil contact elec- 
trodes. The cantilever electrode placed 
the soil the pipe surface and per- 
pendicular and leads from the two 
reference electrodes and two metal con- 
tacts are brought above ground the 
measuring instrument. The reference 
electrodes are used for potential gra- 
dient measurement and the metal con- 
tacts enable measured current 
impressed the earth surrounding the 
reference electrodes. While this current 
turned and off, simultaneous read- 
ings are taken the resulting change 
gradient. The data are used calcu- 
late current density entering leaving 
the pipe surface. 

Figure shows the various positions 
which the earth current meter elec- 
trode was placed over zinc anodes Nos. 
and order compare earth cur- 
rent meter indications with readings 
milliammeter connected the closure 
circuit between zinc anode pipe. 
Protective current was applied until the 
current shown each meter was zero. 
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from these tests. 


current continues flow even though 
the earth current meter shows that cor- 
rosion current has ceased. For example, 
with the electrode position over 
Anode No. the anode current with 
cathodic protection current 
milliamperes. With cathodic protec- 
tion 
earth current meter indicated that cor- 
rosion the anode was stopped. Actu- 
ally, the corrosion current 
decreased only percent. was neces- 
sary increase the protection current 
milliamperes order stop the 
net corrosion current flow shown the 
stage, the earth current meter indicated 
the anode have become cathodic 
virtue the reversal current flow 
through the soil into the pipeline. 


line 


meter 


SOME OBSERVATIONS CATHODIC PROTECTION CRITERIA 


j 


couplings observed from 


No. Anode 
Coupling 


Anodes 
Note: Neglecting “Total 
graph should coincide 
with “Anodes graph. 


Feet 


No. Anode 


Figure 4—Surface potential survey. 


Table shows the results obtained 


These data indicate that corrosion 


was 3.30 


current milliamperes, the 


milliammeter. 


The concept corrosion current flow 
distribution anode-cathode 
system discussed later (see Figure 13) 


becomes helpful explain 


tion. Since the net closure circuit corro- 
sion current flow had been decreased 
only percent when the earth current 
indicated corrosion current 
flow, the remaining percent the 
corrosion current must have flow lines 
whose maximum trajectory less than 
the span the ECM electrode. When 
the net closure circuit corrosion current 


Figure 5—Comparison closure circuit and 
earth current meter corrosion current flow 
measurements. 


meter indicated current flow into the 
anodes. Since the closure circuit milliam- 
meter must show all current interchange 
between the anode and cathode, the dif- 
ference current shown the earth 
current flowing into the anode and the 
closure circuit milliammeter could only 
short line corrosion current flow 
from anode cathode their junction. 

Test data Electrode Position 
support the superposition theory (i.e., 
there was only slight change poten- 
tial between anode and cathode parallel 
the pipeline when adequate protective 
current applied normal the pipeline 
reduce the net anode closure circuit 
current flow zero). 

The earth current meter observations 
were made with instrument furnished 
and operated Luttrell, the 


flow made zero, the earth current Texas Eastern Pipeline Company. 
TABLE 
Cathodic | Anode E.C.M. 
Earth Current Protection Current Electrode 
Zinc Anode | Electrode Position | Current, Ma | Ma. Potential (Mv)* 
| 
| | | 


* (+) Indicates corrosion current flow from anode. 


(—) Indicates cathodic protection current into anode. 
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Ratio Potential Gradients 


Ratio Depth Burial 


Pipe Radius (4) 


Figure 


TABLE 5—Galvanic Current Flow Applied Current Milliamperes 


1 


—1.30 1.92 —2.55 


I, 0 ma 
12-5 2.40 
TABLE 
Zinc Anode Potential (Volts) 


McCollum and discussed the 
practical limitations the earth current 
meter under favorable circum- 
stances, possible pick up, with 
contactor, evidences current 
flowing between corroded and un- 
corroded point section pipe, 
providing the path this current 
long enough include both the poten- 
tial terminals the electrode. However, 
the contactor picks but component 
this current and not possible 
compute the true galvanic current from 
the reading obtained. the galvanic 
circuit very short, often the case, 
the earth current meter will only 
slightly affected, all.” 


Net Closure Circuit Anode Current Flow 

The net current flow was measured 
between each zinc anode and the steel 
pipeline while increasing amounts 
protective current was applied. was 
noted that less protective current was 
required for the larger zinc anodes. This 
may attributable high proportion 
long lines corrosion current flow 
for the larger anode where the ratio 
area periphery greater. 
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Potential Measurements—Protected 
Pipeline 
The potential the pipeline was 
measured against reference 
electrode placed the ground surface 
over each zinc anode when the net 
anode current flow was made zero 


application cathodic protection cur- 
rent. 


The potential measured the ground 
surface was more electronegative than 
the open circuit potential the zinc 
(see Table and most electronegative 
for the smallest zinc anode. 

When 1480 protective current 
was applied the pipeline, the potential 
electrode located 250 feet south was 
—22.0 volts (the anode bed was north 
the pipeline). These results indicate that 
the potential the pipeline against 
reference electrode must made in- 
creasingly electronegative the refer- 
ence electrode located farther from 
the pipeline all corrosion current flow 
lines are completely 


Subsurface Potential Calculations 

difficult measure the potential 
the pipe reference electrode posi- 
tioned close its surface. The potential 
bare pipe uniform environment 
close reference electrode can cal- 
culated from ground surface potential 
measurements. Because environments 
surrounding pipeline are not ordinarily 
uniform, the following observations are 


Pipe To CuSOg Potential 


Figure 7—Potential gradient observed, 
ground surface. 


helpful providing approximati 
the current received the 
and the drop between the refe 
ence electrode and the pipeline. 
showed that the current 
lected per linear foot pipe can 
calculated from the ground surface 
dient normal the pipeline, follows: 


which ‘e’, the average surface voltage 


drop (mv) for spacing 
depths normal the pipeline, equal 


proposed similar develop- 
ment measuring the potential drop over 
distance equal about the depth 
burial. 

The potential the pipe surface 
the close reference electrode 
pressed follows: 


2d-r 


= Be + 0:56 log 


which: the pipe-to-reference 
electrode potential distance ‘r’ (ft.) 
from the pipe axis (mv). 

the pipe-to-reference electrode 
potential over pipe the soil surface 
(mv); soil resistivity (ohm-cm) and 
‘d’ the depth burial (ft.) 

The relationship between the ratio 
potential gradients the ratio 
the depth burial the pipe radius 
developed use Equations (1) and (2) 
and shown Figure was applied 
the pipeline. 

Total current applied the pipeline 
was 1380 ma. The 40-foot section re- 
ceived 1380 1126 254 ma. 


act. 6.35 ma/lin. ft. 


The average potential gradient ‘e’ nor- 
mal the pipeline was 


The soil resistivity 


feet north pipeline......16,100 
Over pipeline......... 34,600 
feet south pipeline...... 24,200 
I calc. 24,900 7.30 ma/lin. 


The relationship between calculated 
and observed pipe reference electrode 
measurements are shown Figure 
this test 
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Since calculated and observed meas- 
urements have correlated closely 
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test pipe section uniform environ- 

ment® felt that the non-uniformities 

the soil account for most the 

between observed and calcu- 

values potential gradients and 

current received lineal foot 
peline. 


Potential Current Relationships 
While applying current iron 
erated 0.1 Evans, 
and found that the 
the metal did not change 
intil there was adequate protective cur- 
ent control corrosion. This observa- 
ion has encouraged fundamental studies 
indirect method determining 
minimum current for com- 
corrosion 

corrosion systems under cathodic 
ontrol, the potential the cathode, 
the corrosion current, ap- 
the potential the anode 
protective current are ap- 
the metal potential remains nearly 
‘onstant until current discharge the 
ceases and cathode process oc- 
Since the overall electrode process 
hen becomes the evolution hydrogen 
potential the metal varies 
vith the logarithm the current. 

has used polarization diagrams 
show the effects certain cell char- 
the cell current and the 
minimum cathodic protection current re- 
quired stop corrosion. the special 
case cathodic control, the corrosion 
current and the protective current re- 
quirements are equal. the practice 
applying cathodic protection, this char- 
acteristic cathodic control seldom 
experienced, particularly high resistiv- 
ity, well aerated environments where 
mixed control (anodic-cathodic) corro- 
sion system occurs. For example, 
pipeline high resistivity soil, the cor- 
rosion current flow from few local 
anodes may not adequate reduce 
all the reaching the cathode surface. 
The potential this pipeline, seen 
reference electrode the ground sur- 
face, quite noble. The initial “appar- 
ent” break such potential-log cur- 
rent may attributable 
transition from oxygen reduction 
hydrogen evolution the cathode areas 
with meaningful change having oc- 
curred the process the anode. 
the more conductive environments where 
the corrosion current flow not ap- 
preciably restricted the electrolyte 
resistivity, cathodic control will ap- 
proached and the break may 
more closely related the minimum 
current requirement, 

The corrosion system most frequently 
found pipelines high resistivity 
soils more closely approaches the “ma- 
croscopic” cell described 
where the corrosion controlled mainly 
the resistance the corroding me- 
dia. cell corrosion con- 
trolled mainly polarization. Thus, 
should difficult relate polarization 
data obtained sandblasted speci- 
men (microscopic cell) with that ob- 
tained pipeline where the 
scopic” corrosion cell may the 
prevalent form corrosion. 

reviewing the where 
mixed control corrosion systems exist, 
difficult relate the current the 
“apparent” break with the minimum 
current required for protection. some 
the controlled the 
current applied the break 
was either much greater less than 
the current needed control corrosion 
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after period several days. 
galvanic corrosion system,” the protec- 
tive current required stop corrosion 
current flow was greater than the cur- 
rent applied the “apparent” break. 
Under conditions approaching cathodic 
control” the corrosion rate was calcu- 
lated from the cathodic “polarization” 
curve. 

Mears and point out that 
the correspondence the “apparent” 
potential break with limiting current 
density demonstrated Evans, Ban- 
nister and special case and 
not true generalization. discus- 
sion, has indicated that when- 
ever the local anodes polarize appreci- 
ably, the protective current will 
higher than the current indicated the 
“apparent” break. 

Stern and Geary” have suggested that 
the introduction “breaks” into po- 
larization curve requires great deal 
Changes slope rather 
than sharp break occur when two 
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Actual Circuit 


Figure 8—The null circuit. 
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Figure 9—Pipeline polarization and net zinc 
anode current flow. 
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more different rate determining reac- 
tions occur. 

has been noted that “apparent” 
break may obtained plotting 
linear potential-current data semi-log 
paper. Such data have been used mis- 
takenly with faith. 

The authors feel that the use the 
“apparent” potential break criterion 
for minimum current requirements 
not reliable method except for corro- 
sion systems approaching under com- 
plete cathodic control. 

order detect changes potential 
the cathodically protected surfaces 
when increasing amounts protective 
current are applied, helpful elim- 
inate the drop effect between the 
observing reference electrode and the 
structure caused the protective cur- 
rent, and have devised 
“null” circuits which the drop 
resulting from the applied current are 
compensated for. The Pearson “Null” 
circuit (Figure essentially consists 
Wheatstone Bridge which uses the 
resistances through the environment be- 
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Protection Current - Amps. 
Figure 10—Pipeline polarization. 
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Figure polarization and net zinc 
anodic current flow. 


Figure 12—Fe-Cu system polarization and net corrosion current 
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Figure 13—Corrosion current flow lines and 
equivalent cathodic protection circuit. 


tween the structure and observing elec- 
trodes two legs the bridge. The 
protective current varied about 
percent order observe its effect 
separately from the corrosion current 
effects. The “null” circuit bridge 
balanced until the incremental change 
protective current has effect upon 
the structure potential observed. 

The potential the structure ob- 
served after regular interval min- 
utes often found adequate) and the 
next larger increment protective cur- 
rent then applied. “polarization” 
curve developed plotting the volt- 
ages against the logarithm the pro- 
tective current. 

Several “polarization” curves were es- 
simultaneous observations were made 
the protective current required stop 
the net anode current flow the zinc- 
pipe closure circuit. Figure the 
protective current required stop the 
net anode closure circuit current flow 
for zinc anodes and respectively 
became increasingly greater 
ceded the protective current required 
produce “apparent” break 
“polarization” curve. Nearly year later, 
the “polarization” curves (Figures 
and 11) were prepared. 

has been shown (earth 
current meter) that short lines corro- 
sion current flow the edge zinc 
anode, even though the net anode clos- 
ure circuit current flow made zero, 
the protective current flow required 
stop all corrosion current flow greater 
than any the indicated values. 

Figure 10, made before the zinc 
anodes were coupled the pipe and 
Figure 11, three separate “apparent” 
breaks may identified. 

stray current effects made impossible 
balance the “null” circuit. 
pointed out that “null” 
quire special equipment and are liable 
errors which may result from the mul- 
tiplicity batteries, instruments, ad- 

justments and extraneous stray current 
effects. 

effort eliminate edge effects, 
buried copper-iron ball corrosion sys- 
tem was studied with the assistance 
Robert Pope Quakertown, Pennsyl- 
The 4—5-inch diameter balls were 
buried about inches apart and 24-inch 
depth high resistivity soil. The polar- 
ization data are shown Figure 12. 
The net anode closure circuit current 
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flow becomes zero before the 
parent” break the polarization curve. 
The long lines corrosion current flow 
the copper-iron ball corrosion system 
are more easily controlled than the short 
lines found the corrosion system 
Malvern, Pennsylvania. 

intentionally unbalanced “null” 
polarization study, was found possible 
“polarization” curve, which became more 


noble the protective current was 
increased. 
Criteria Protection 
the minimum criteria 


for complete control electrochemical 
corrosion cathodic protection must 
indicate that current flows out 
the metal surface into the electrolyte 
the cathode has been polarized 
the open circuit potential the 
Criteria expressed thermodynamic 
equivalent electric circuit systems alone 
not adequately explain the require- 
ments for the practical measurement 
the protective state pipeline. 
has suggested that the physical 
chemist finds strangeness corrosion 
phenomena where geometry and 
not energetics controls the situa- 
tions. 

equivalent circuit has 
been proposed show the relationship 
between the reference electrode position 
measuring the potential corrosion 
system and the individual lines cor- 
rosion current flow. This concept which 
considers the geometry corrosion 
system and includes the superimposed 
effects impressed current pipe- 
line shown Figure 13. 


The distribution equipotential lines 


The local action current flow 
pressed: 


—E,.+E. +i: Rw +LR.=O (<) 


The metal potential measure 


against reference electrode positione 
the electrical boundary the corr 
sion current flow line includes 
effect the resistive components 
corrosion current flow line located 
the maximum distance the trajector 
from the anode-cathode system). 


The corrosion system under 
thodic where: 
(open circuit potential anode) 


(6) 


The corrosion system under anode 


control where: 
Em & 
(open circuit potential cathode) 


(7) 


Since the potential observed 
particularly high resistivity soils, 
lay between and the corrosion 
system pipe lines usually under 
mixed (anodic-cathodic) control. 


When protective current applied, 


the superposition effect the current 
may shown follows: 


(8) 
multiply 
in (Ra + Re) = Era —Ec — Ip R. (11) 


the electrolyte surrounding the corro- 
sion system can resolved into lines 
current flow.” Such lines corrosion 
current flow are normal the equipo- 
tential lines and have 
spatial characteristics: 

Corrosion current flow lines are nor- 

mal the metal surface and not 

cross each other. 

Corrosion current flow lines are short- 

est the anode—cathode junction. 

localized pitting, the ratio pe- 
riphery area greater than for 
larger corrosion systems. greater 
proportion short lines corrosion 
current flow occur localized pitting. 
The relationship potential and re- 

sistance single corrosion flow line 

(ex. flow line “d” Figure can 

expressed use Kirchoff’s Laws. 

The electrical elements the corrosion 

current flow line are: 


anode current 
cathode current 
nent anode film and electro- 
lyte flow line boundary 
normal metal 
nent cathode film and elec- 
trolyte flow line boundary 
normal metal surface. 


resistance electrolyte outside 
boundary 
local action current 


protective current 


definition, cathodic protection 
complete when: 


(no current flows out 
anode) 

been polarized the open circuit 
the anode 


There can net corrosion cur- 
rent flow the anode along line 
the potential point “d” equal 
the open circuit potential the anode 
The polarized potential the cath- 
ode includes plus the drop from 
point the pipe surface. The corro- 
sion current flow line being entitled 
longer soil path potential drop than 
corrosion current flow lines “a,” 
and will polarized the pro- 
tective potential E’, first. Some corro- 
sion current will continue flow along 
lines “a,” and “c” until the protec- 
tive potential observed their re- 
spective electrical boundaries. 


has shown that flow corro- 
sion current between dissimilar metal 
pipe sections spaced feet apart 
controlled when the open circuit po- 
tential the anode observed 
remote location. this case long 
lines corrosion current flow, the 
cathode polarization entitled most 
the drop through the soil between 
the remote reference electrode and the 
corroding system. 


More recently, Schwerdtfeger and 
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have shown that the reference 

electrode must placed within few 

pipe diameters measure the protec- 

tive potential order stop the net 

current flow their bimetallic 
rrosion system. 


has been that: 


Long lines corrosion current flow 
are controlled when the protective po- 
tential measured against ref- 
erence electrode remote location. 
The effects shorter lines corro- 
sion current will reduced. 

order stop short lines corro- 
sion current, the protective potential 
must observed against refer- 


ence electrode placed the metal 
surface. 

Protective Potential 
Nearly years ago, indicated 


optimum protective potential steel 
volt. While there has been gen- 
ral acceptance this protective poten- 
ial value, there has been little consid- 
ration given the significance the 
electrode 

Although the open circuit potential 
non-corroding anode has 
‘stablished clearly, has been observed 
that the corrosion rate iron 
negligible. 

Some the concepts the protective 
potential are: 


Concept 1—An equilibrium single elec- 
trode potential must defined terms 
concentration metal ions. 
says that the absence complex 
soluble compounds, the anode current 
density found negligible from 
practical point view the metal 
ion concentration the metal surface 
less than gram ion/liter. The equi- 
librium single electrode potential 
divalent metal 0.2 volts more electro- 
negative than the standard unit activity 
single electrode potential. 

—.44 (.2) (.316) —.956 

against CuSO, 


Concept 2—The protective potential cal- 
culated from iron surface saturated 


with (OH)2 9.0 


Nernst 


—.552 (.316) —.868 
against CuSO, 


Concept 3—It has been shown that iron 
negligible corrosion rate 
volts measured against sat- 
urated reference electrode. This 
equivalent volts measured 
against CuSO, reference electrode. 
The potential steel completely buried 
Hudson River organic silt im- 
mersed airfree sea has been 


volts measured against saturated KCl 
reference electrode. 


Concept 4—Some 


have indicated that the protective po- 


tential 


iron anaerobic sulfate re- 


ducing bacteria environments may 
—.95 volts measured against 
reference electrode. 


Galvanic corrosion 


viewed com- 


monly consisting dissimilar metals 
coupled together corroding electro- 
lyte. The open circuit potential between 
iron airfree environment (anode) and 
magnetic iron oxide (mill scale rust 
scale) aerated environment (cath- 


ode) 


exceed one 
show that mill 


has been shown 


scale removed from the underlying iron 
order eliminate the effects the 


iron-mill scale couple, 


more cathodic 


than copper and requires more current 
for polarization. Thus the potential dif- 
ference between the zinc anodes and the 
steel pipe not unusual representa- 
tion the potentials found cor- 
roding system. 


Conclusions 
mixed control (anodic-cathodic) 


corrosion system such may found 
bare buried pipeline well 
aerated high resistivity soil, the follow- 
ing observations are pertinent: 


bdo 


The 


The corrosion current flow 


localized (for example, 
differential aeration) corrosion cell 
will not sensed ground sur- 
face potential survey. bare pipe- 
line, such corrosion cells always must 
suspect. 

line con- 
may used demonstrate that 
the protective potential must meas- 
tioned the pipe surface the point 
interest order assured that 
the short lines corrosion current 
flow are stopped. 

must 


potential measured 


creasingly electronegative the refer- 
ence positioned further from 
the pipeline. 


flow 


Only long lines corrosion current 
will controlled when 


tective potential measured against 


reference electrode 


pipe potential change (say 


remote position. 


The earth current meter will not in- 
dicate the control corrosion current 
flow lines whose maximum trajectory 
from the pipeline less than the span 
the electrode contactor. 


the time testing, the actual cur- 


rent requirements for the control 
corrosion™ are greater than that indi- 
cated “apparent” break the 
potential-log current relationship. 
Changes surface conditions the 
cathode caused the accumulation 
ampere hour effects may result 
over under protection the cur- 
rent the “apparent” break applied 
for several days 

200 
300 millivolts) criterion will not 
reliable the protective potential does 
not exist the electrolyte the 
anode-cathode junction local cell. 
Edge effects and the geometry 
anode-cathode arrangements must 
considered when interpreting the re- 
between closure circuit cur- 
rent flow and other criteria. 
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sinking fund deposit factors due increased pipe life, 
addition usual savings operations. 


Electrical engineers should anticipate that cathodic protec- 
tion will effect savings other corrosion areas. Power plant 
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for the application cathodic protection and modern 
techniques corrosion control 
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and large diameter Dorr clarifier, refs. 
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Howell 


Bellassai 


New Jersey Group 
With T-7A 
Northeast Region 


The New Jersey Committee Cor- 
osion has affiliated with the NACE 
Committee T-7. The New Jersey 
ommittee will under Unit Commit- 
iee T-7A Northeast Region Corrosion 
Coordinating Committee. Erick- 
son, Jr. chairman Unit Committee 
and 

Present officers the New Jersey 
committee are: Howell, Public 
Service Electric and Gas Company, 
Maplewood, J.; Bellassai, Trans- 
continental Gas Pipe Line Company, 
vice chairman, Brower, Public 
Service Electric and Gas Company 
New Jersey, secretary. 

Operating companies interested 
corrosion mitigation New Jersey met 
first January 1950 discuss elec- 
trolysis conditions the northern part 
the state. that meeting was 
proposed that corrosion committee 
organized deal with the mutual prob- 
lems involved. The group further agreed 
that all companies having corrosion con- 
trol programs would submit lists 
cathodic protection installations, drain- 
age bonds, electrolysis switches and in- 

March 1954 the New Jersey Com- 
mittee Corrosion was organized for- 
mally with members representing 
companies. The committee has good 
attendance record indicated the 
January 1957 meeting when members 
representing companies attended. 

The committee operates infor- 
mation center for any company having 
underground structures. Because the 
concentration the facilities the 
northern section New 
tically percent committee activity 
within the metropolitan area New 
York City. The corrosion problems in- 
volved are local nature are stray 
current problems arising from operation 
six railway stations. Soil varies 
from tidal marsh land the north 
sand and gravel the southern section 
the state. 

The committee holds three regular 
meetings yearly second Tuesdays 


(Continued Page 91) 


Six major existing coordinating com- 
mittees have affiliated with T-7 Corro- 
sion Coordinating Committee since 
March, 1956. Five these are under 
Unit Committee T-7A Northeast Region 
Coordinating Committee. Their officers 
are: 

Coordinating Committee 
Corrosion 
Lloyd, United Fuel Gas Com- 
pany, Charleston, West Va., chairman; 
Gosnell, Godfrey Cabot, Inc., 
Charleston, West Va., vice-chairman; 
Hetzer, West Virginia Water 
Service Company, Charleston, secretary. 


The Greater Boston Electrolysis Com- 
mittee 

Elliott Perkins, New England Tel. 
Tel. Co., Boston, Mass., chairman; 
Sawyer, Western Union Telegraph 
Co., Boston, vice-chairman; Molloy, 
Cambridge Electric Light Company, 
Cambridge, secretary. 


Western Pennsylvania Coordinating 
Committee 
Costanzo, The Manufacturers 
Light Heat Company, Pittsburgh, 
chairman; Picht, American 
Tel. Tel. Co., Pittsburgh, vice-chair- 
man; Erickson, The Peoples 
Natural Gas Co., Pittsburgh, secretary. 


Pittsburgh Corrosion Committee 

Rutters, Equitable Gas Co., Pitts- 
burgh, chairman; Smith, Duquesne 
Light Co., Pittsburgh, vice-chairman; 
Steel, The Bell Telephone Co. 
Pa., Pittsburgh, secretary. 


New Jersey Committee Corrosion 
Howell, Public Service Electric 
Gas Company New Jersey, Maple- 
wood, chairman; Bellassai, Trans- 
continental Gas Pipe Line Company, 
Linden, J., vice-chairman; 
Brower, Public Service Gas Company 
New Jersey, Maplewood, secretary. 

The committee the South Central 
Region is: 

Corrosion Coordinating 

Committee 
Mercer, Southwestern Bell Tele- 
phone Co., Houston, chairman. 

T-7 anticipates many more corrosion 
coordinating committees will 
with the organization the near future. 
The T-7 organization, including offi- 
cers names and addresses listed 
the directory NACE Technical Com- 
mittees this issue The 
directory appears six issues Corro- 
during each year. alternated 
with the directory NACE Regions 
and Sections. 


Wise and Segool Elected 
Plastic Tape Committee 


Wise, Arkansas Louisiana Gas 
Company, Shreveport, La. and 
Segool, the Kendall Company, Polyken 
Sales Division, Chicago, Ill, have been 
elected respectively chairman 
chairman NACE Technical Unit 


(Continued Page 94) 


OMMITTEE 


tee members here examine Dec. 19, 1956 
Medford, Mass. high silicon cast iron anode 
immersed slightly salty water power 
manhole for months while subjected 134 
amperes. Left right: John Dyer, Suburban 
Electric Co. Malden, Mass.; Vernon Pike, 
Bell Telephone Laboratories, Murray Hill, 
and Elliott Perkins, New England Telephone 
and Telegraph Co., chairman the Boston 
committee. 


Boston Committee 
Acts Clearing 
House for Problems 


Greater Boston Electrolysis Commit- 
tee has recently affiliated with the 
NACE T-7 Corrosion Coordinating 
Committee. This was announced 
Erickson, Jr., chairman Tech- 
nical Group Committee 

Greater Boston Electrolysis Com- 
mittee located the area operation 
Unit Committee T-7A Northeast 
Region Corrosion Coordinating Com- 
mittee. Officers the Greater Boston 
Electrolysis Committee are Elliott 
Perkins, New England Telephone and 
Telegraph Company, Boston, Mass., 
chairman; Sawyer, Western Union 
Telegraph Company, Boston, Mass., vice 
chairman; Molloy, Cambridge Elec- 
tric Light Company, Cambridge, Mass. 
secretary-treasurer. 

Although Boston was late forming 
official electrolysis committee, 
such, when compared such cities 
Detroit and Pittsburgh, electrolysis 
old enemy Boston. The first 
underground conduit for cables was laid 
Boston 1882 and seven years later 
1889 the first electric railway system 
was placed service. Only two years 
after that the first cable failure occurred 
that could attribued the action 
stray railway current. 


Stray Current Interest 

means were developed for mitigat- 
ing the effects for this stray railway 
current became necessary for engi- 
neers and operating officials the com- 
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TECHNICAL COMMITTEE sessions during 
St. Louis conference: Left right—Ward 
Sanford, Minnesota Mining Mfg. Co., St. 
Paul, Minn., chairman T-1J presides the 
Dow Chemical Co., Midland, Mich., chairman, 
left, presides; Charles Dillon, Carbide and 
Carbon Chemicals Co., Texas City discusses 
tanker corrosion session T-6F which 
Quimby, Texas Co., New York, presides. 


Boston Committee— 


(Continued from Page 89) 


panies affected work 
arranging for joint tests and corrective 
measures. time progressed the engi- 
neers became interested the joint 
problems, became known and well ac- 
quainted with each other and formed 
unofficial committee. 

Recent activity the Metropolitan Bos- 
ton area several utilities 
pipe lines for natural gas 
underground structures providing fer- 
tile field for interference 


7325-HC 
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Oklahoma City e« Pittsburgh e Philadelphia « Salt Lake City e Seattle e 
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problems which could worked 
jointly and simultaneously the sev- 
eral utilities involved. 

First meeting the formal Greater 
Boston Electrolysis Committee was held 
Cambridge, Mass. August 31, 
1953 discuss mutual electrolysis prob- 
lems associated with new gas trans- 
mission line. study the gas trans- 
mission pipe line indicated that the line 
was draining amperes an- 
other pipe line the vicinity and that 
this turn was being returned 
ground from man-made structures, ap- 
parently the bottoms steel storage 
tanks. 

Electrolysis engineers the gas 
transmission company considered ad- 
visable convene representatives all 
companies whose properties might 
might apply their new 
Discussion indicated several companies 
were vitally interested what was go- 
ing take place and that they would 
like make their own tests and 


advised tests made others. 


CATHODIC PROTECTION DIVISION 


THE HARCO CORPORATION 


16991 Broadway 


Committee Was Logical 

view the possibility consider- 
able inter-action facilities described 
cases discussed the meeting 
seemed desirable some that com- 
mittee should set discuss prob- 
lems, testing programs and results and 
recommendations that all would 
informed what electrolysis mitiga- 
tion and/or drainage systems were 
taken. 

was strongly urged that elec- 
trolysis committee formed consider 
and follow joint testing programs would 
prove more satisfactory everyone 
concerned than series tests indi- 
vidual companies. After considerable 
discussion was agreed write letters 
designated officials all companies 
represented the meeting and sug- 
gest that they appoint representative 
attend future meetings which would 
called the occasion required. 

Official organization meeting was held 
October 29, 1953 when Boston and its 
vicinity and the encircling highway 
Route 128 was established the sphere 


PROTECT YOUR INVESTMENT 


WITH 
CATHODIC PROTECTION SYSTEM 


you can afford the enjoy your guest. But 
remember you’ve got this guest whether you can 
afford her not. Check your profits and see 
what this appetite costing you regularly. 


Electrolytic corrosion the biggest single destroy- 
buried submerged metal structures and 
pipelines. 


CAN STOPPED. That’s where HARCO 
comes into the picture. It’s our business protect 
your investment. are the specialists who can 
prevent and cure electrolytic corrosion QUICK- 
cathodic protection systems pay for themselves 
matter just through savings nor- 
mal maintenance and replacement costs. 


HARCO regularly supplies complete range 
services. Whatever your engineered sys- 
tems, contract installations materials ... LOOK 
... FIRST THE FIELD 
CATHODIC PROTECTION! 


Write today for catalog call MOntrose 2-2080 


Cleveland, Ohio 
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agenda for 


activities the Greater Boston Elec- 
Committee. 

March 1954 request was made 
ompanies making this committee 
maps showing where their under- 
round structures were located. Discus- 
ions were held regarding project notifi- 
ation forms and was decided adopt 
kinds, one for proposed installa- 
ion cathodic protection and another 
bond. 


Acts Clearing House 

The Boston committee functions 
‘echnical committee and constitutes 
house for the exchange in- 
underground corrosion 
problems arising the Greater Boston 
irea. does not undertake testing pro- 

rams, engage investigations, make 
recommendations committee. Each 
member organization conducts such 
‘ests and surveys its own property 
considers necessary and the sole 
judge its own requirements. mem- 
ber organization may request from the 
members technical advice concerning its 
corrosion problems informal basis. 
committee member may arrange with 
the chairman place the meeting 
discussion such corrosion 
problems that may particular in- 
terest the committee whole. The 
committee acts agency which 
members can advised planned in- 
stallation cathodic protection systems 
before installation that interference 
tests can conducted. 

Members may advised comple- 
tion planned installation corrosion 
mitigation systems when the 
sign service date differs materially 
from the initial plan. They are advised 
proposed installations drainage 
bonds whether another underground 
structure the negative conductor 
the traction systems that interference 
tests may conducted. They are ad- 
vised the abandonment 
any such system and they are advised 
major additions the through trans- 


mission facilities the member’s sys- 
tems. 
The Greater Boston Electrolysis Com- 


mittee has prepared brochure contain- 
ing complete history the commit- 
tee’s organization and procedures, copies 
which are available groups form- 
ing similar committees other metro- 
politan areas. 


New Jersey 


(Continued from Page 89) 


April and October. When re- 
special meetings may called 
The committee neither 
programs 
makes 


January, 
quired, 
the chairman. 
undertakes testing 
gages any investigation. 
recommendations. 


Each member organization conducts 


tests and surveys its own property 
considers necessary and the sole 
judge its own requirements. How- 
ever, member organization may ask 
technical advice concerning its corro- 
sion problems informal basis from 
the committee. committee member 
arrange with the chairman place 
the meeting agenda for discussion 
such corrosion problems are par- 
ticular interest his organization. The 
committee acts agency through 
which the members can advised 
advance, whenever possible, such sys- 
tem changes may likely in- 
fluence the corrosion conditions other 
systems. The secretary, when informed 
interest all members, notifies all 
member organizations. Arrangements 
for joint testing, mitigation measures, 
etc. are made direct negotiation be- 
tween the member organizations con- 
cerned, 

part its formal organization 
the committee endorsed the procedures 
outlined NACE publication entitled 
“Report the Correlating Committee 


OTHER TECHNICAL COMMITTEE sessions: 
left Larson, State Water 
Survey, Urbana, chairman T-4E standing 
The People’s Natural Gas Co., Pittsburgh, stand- 
ing, chairman; seated, left right Fouts, 
Koppers Co., Inc., Pittsburgh, past-chairman and 
Hull, NACE, Houston; Cathcart, Tank 
Lining Corp., presides meeting T-6F. 


— 


mended their use when practicable and 
applicable. 


Thalmann Heads T-3D 


Thalmann, 
Inc., New York, 
chairman NACE 
Committee T-3D Instruments for 
Measuring Corrosion. Mr. Thalmann 
took office shortly before the commit- 
tee’s meeting held St. Louis and pre- 
sided that meeting. The committee 
expects start several new projects 
connection with instruments 
measurement corrosion. announce- 
ment new projects will made when 
plans are complete. 


Ebasco Services, 
has been elected 
Technical Unit 


Penetrates rust and bonds base metal sand 
blasting expensive surface preparation needed. 


Rust-Sele’s specially processed fish oil 
coatings give longer life and flexibility. 


Write today for independent testing labo- 
ratory report and specification catalog. 


9808 MEECH 
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Unretouched photo 
metal panels after 
216 hours salt spray. 
Note corrosion streaks 
top galvanized panels. 
Zincoater-treated steel 
panel, bottom, shows no 
trace corrosion. 


Salt Spray Test Proves 


ZINCOATER 


Resists Corrosion 
Better than Galvanizing 


New galvanized iron panels from 
four manufacturers were tested 
against steel panels that had been 
treated with Zincoater. After 216 
hours salt spray, every galvanized 
panel showed some trace rust. 
Zincoater-protected panels were en- 
tirely free from corrosion. 

Its high corrosion resistance 
makes Zincoater the ideal primer for 
galvanized and steel surfaces such 
signs, buildings, water tanks, ducts, 
dams and railroad and truck bodies. 
Zincoater’s special formula bonds 
tightly, seals out corrosion-causing 
moisture and increases durability 
finish paint coats. 

Before you paint galvanizing 
submerged steel, prime with 
Tropical Zincoater! 


FREE! information Zin- 
coater sent request. Write TODAY! 


TROPICAL PAINT CO. 


1142-1262 Cleveland Ohio 


Heavy-Duty Maintenance 
Paints Since 1883 


SUBSIDIARY 
PARKER RUST 
PROOF COMPANY 
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Western Pennsylvania Corrosion Committee 
Affiliates With NACE T-7A Organization 


Erickson, chairman Unit 
Committee T-7A Northeast Region 
Corrosion Coordi- 
nating Committee 
has 
the Western Penn- 
sylvania Corrosion 
Committee has affili- 
ated with NACE 
Officers the 
vania Corrosion Com- 
mittee are: 
Costanzo, The Man- 
ufacturers Light and 
Heat Company, 
Picht, American 
and Telegraph Company, 
Pa., vice chairman. 
Erickson, The Peoples Natural Gas 
Company, Pittsburgh, Pa. secretary. 
_Western Pennsylvania Corrosion 
Committee was organized February 
1954 sub-committee the Corro- 
sion Committee the Pittsburgh Public 
Service Coordination The 
area operation the Western Penn- 
sylvania Corrosion Committee was set 
the western half Pennsylvania. 
July 1954 the committee became inde- 
pendent organization with 
but with the endorsement the Pitts- 
burgh Public Service Coordinating 
Committee. 

From the outset the Western Penn- 
sylvania Corrosion Committee was con- 
sidered novel because its problems were 
well defined and the committee was 
tailor-made cope with them. Iti was 
any other group with limitations and 
restrictions from another corrosion era. 
Neither was the first committee its 
kind the area but has profited 
other committee’s experience. When the 
committee separated from 
burgh Public Service Coordinating 
mittee, its area operation was set 
the north, west and south state lines 
Pennsylvania and the Susquehanna River 
the east. Anyone who operates 
plant which influences structures within 
these boundaries may become member. 
was felt that any greater area 
operation might become unwieldy and 
that anything less would too limiting. 
Founders the committee hope that 
border cases aid can had from 
neighboring; groups such those 
Western New York West Virginia. 

The committee holds monthly meet- 
ings throughout the year. Any number 
copies the minutes the com- 
mittee’s meetings will sent mem- 
ber company. example how the 
trated follows: Company wishes 
protect pipe line with 
rectifier. reports its intention the 
committee and gives probable location. 
ness the minutes the meeting 
the committee. When the rectifier has 
number which serves notification all 
members examine their plants for 
interference. When affected members 
are satisfied that the interference has 
been eliminated they state meet- 
ing and duly recorded the min- 
utes. When 100 copies this addition 


Costanzo 


the Rectifier Directory are 
the secretary, the case closed. 
may reopened any time for 
study. 

First major project undertaken 
Committee was composite map 
ing all underground structures Wes 
ern Pennsylvania. The committee 
prepared coal mine mitigation 
tory and rectifier and bond 
These directories are kept current 
reports meetings the committe 
The committee feels that the rosters 
the committee and the directories foste 
cooperation among the member com 
panies. 

The committee provides slides, mock 
ups, demonstrations and data anyon 
who conducting corrosion 

When electrolysis groups are formed 
the larger cities within the operating 
area, they are considered sub-committees 
the larger group and their progress 
reported the minutes. 


Pittsburgh Corrosion 
Committee Affiliates 
With NACE T-7A 


Affiliation the Corrosion Commit- 
tee the Pittsburgh Public Service Co- 
ordination Committee with the NACE 
T-7 organization was recently announced 
Group Committee T-7 and Unit Com- 
mittee T-7A Northeast Region Corro- 
Committee. 

Officers the Corrosion Committee 
the Pittsburgh Public Service Co- 
ordinating Committee, often called the 
Corrosion Committee are 
Rutter, Equitable Gas Company, 
Pittsburgh, chairman; Smith, 
Duquesne Light Company, Pittsburgh, 
vice chairman; Steel, The Bell 
Telephone Company Pennsylvania, 
secretary. 

February 1932 representatives from 
companies and political sub-divisions 
began meeting study jointly stray 
current problems the areas served 
the Pittsburgh Railway Company. The 
committee has been continuous exist- 
ence since then and present has 
members. Its area operation Alle- 
gheny Pennsylvania. 

The committee holds monthly meet- 
ings, copies the minutes which are 
mailed six states, Canada, Mexico, 
Europe, Brazil and South Africa. The 
Pittsburgh Corrosion Committee con- 
sidered the dean the stray 
current committees and fine example 
which pattern city committee. 
Much credit for its success should 
given the Pittsburgh Public Service 
Corrosion Coordination Committee. 
Steel, secretary the corrosion 
committee has been secretary since the 
committee’s inception. The committee 
gives him much credit for its success. 


ERRATA 


Page the April, 1957 issue 
CORROSION, paragraph four 
column three should read: 

Set the price the 1954-55 Biblio- 
graphic Survey Corrosion $12 for 
NACE members and $15 for non-members. 
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Using impressed current 


TRADE-MARK 

Wes 

GRAPHITE ANODES ARE BEST! 
ent 
ters 
foste 
com 
mock 
ormed 
nmit- 
Co- 
ACE 
ite Anodes used for cathodic protection 
littee active sea-going tug was less than 

amperes per square foot approxi- 
mately 0.02 lbs./amp. year! Reported con- 
nith, test relative current output sumption only one-half this current 
salt water was made using Graphite density another recommended material 
ania, Anode and high silicon iron anode for marine service 1.3 lbs./amp. year 
identical dimensions connected parallel times that Graphite. 
tray range two four amperes per square 
foot. Once readings had stabilized, the 
graphite anode carried 4.2 ampcres, 
the high silicon iron anode only 2.0 am- 
peres, with the same voltage applied 
each. Interchanging the position the 

are test anodes had effect the readings. 

ple than that for high silicon iron anodes. AND Low 
This over and above the savings ob- 
tained through the longer life and lower 

the 
tee : 

The terms “National” and “Union Carbide” are registered trade-marks 

Union Carbide Corporation 

NATIONAL CARBON COMPANY Union Carbide Corporation East 42nd Street, New York 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, San Francisco CANADA: Union Carbide Canada Limited, Toronto 


Erickson and Mercer 


Head NACE T-7 Unit 


Mercer 


Erickson 


Erickson, Jr., The Peoples Nat- 
ural Gas Company, Pittsburgh, Pa. has 
been appointed chairman Technical 
Group Committee T-7 Corrosion Co- 
ordinating Committee when Fouts, 
Koppers Company, Inc., Pittsburgh, 
Pa., formerly with New York Telephone 
Company, Buffalo, New York, resigned. 
Mr. Fouts and Mr. Erickson 
man and vice chairman 
mental formation and organization 
the Corrosion Coordinating Committees. 

Mercer, Southwestern Bell Tele- 
phone Company, Houston, 
been elected vice chairman fill the 
vacancy. was born Oklahoma, 
received his college education the 
University Tulsa and Rice In- 
stitute. has been affiliated with the 
Southwestern Bell Telephone Company 
since 1933. 1952 was loaned 
the Western Electric Company work 


DEPENDABLE ground resistance measurement, with a one-man push-button- 
operated instrument! No cranking, leveling or 
with Vibroground Model 263—And look at all these added advantages: 


LIGHT—Iless than 10 pounds 
the-job” weight. 

PORTABLE — Not only light, but 
POWER — Self-contained standard 
No. 2 flashlight batteries — good 
for months continuous use before 
replacing. 


“on- 


Write for 105B 


ASSOCIATION OF 


the Distant Early Warning System 
Alaska. Upon his return Houston 
1953 was transferred the divi- 
staff work corrosion prob- 
lems. 

Mr. Mercer was one the first mem- 
bers the National Association 
Corrosion Engineers, his membership 
application being dated May 1944. 
has been very active the Tech- 
nical Committee activities the asso- 
ciation for many years, has been member 
Unit Committee T-4B Corrosion 
Cable Sheaths since the committee’s 
origination and currently vice-chair- 


man Task Group T-4B-5 Non- 
Metallic Sheaths and Coatings and 
chairman the Houston Corrosion 


Control Committee. 


Wise and 


(Continued from Page 89) 


Committee T-2K Prefabricated Plas- 
tic Film for Pipe Line Coating. 

Frank Costanzo, Manufacturers 
Light and Heat Company, Pittsburgh, 
Pa. was chairman the Unit Commit- 
tee since its formation two years ago. 

the Unit Committee T-2K meet- 
ing St. Louis the committee decided 
reorganize its task groups. The com- 
mittee originally had formed five task 
groups history and results, physical 
characteristics, research and develop- 
ment, application and standards. The 
physical characteristics and standard 
task groups were combined into one 
Segool acting chairman this 
group. The research and development 
task group remains intact T-2K-2 
under new chairman, Hendrick- 
son. 


UTTO 


Soil Resistance 
Anode Resistance 
Circuit Resistance 


Polarization 
Effects 


Current Density 


“babying” in the field 


0-10, 0-100, 0-1,000 
ohms all set. single 
selector. 


ACCURATE less than any 
range. 


RUGGED for years trouble-free 
field service. 


3750 West Belmont 18, 
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Coburn, Rowe Head 
Inhibitor Committee 


Rowe 


Coburn 


can Railroads, Chicago, Illinois and 
Rowe, General Motors 
Detroit have been elected respectivel 
chairman and vice-chairman NAC] 
Technical Unit Committee T-3A 
Corrosion Inhibitors. Wasco, Dow 
Chemical Company, Midland, Michigan 
the outgoing chairman the com- 

Mr. Coburn has served vice-chair- 
man since the committee’s 
meeting March 1956. Mr. Coburn also 
active Unit Committee T-3E 
Railroads and Task Group T-3E-1 
Corrosion Railroad Tank Cars. 
editor the T-3E Railroad Corro- 
sion News Letter, publication that 
published twice year for distribution 
the management railroad com- 
panies. 


Los Angles Oil and Gas 
Unit Held Eight Meetings 


Technical Unit Committee T-1A 
Corrosion Oil and Gas Well Equip- 
ment, Los Angeles Area 
meetings during 1956. The committee 
acts corrosion forum for petroleum 
production engineers the Southern 
were made program meetings 
concert with those the California 
Natural Gasoline Association Corrosion 
Committee. Interested members each 
group were thereby given the oppor- 
tunity attend meetings each group 
alternate months, plan proved 
benefit members both com- 

T-1A continues confine its interest 
corrosion problems relating oil and 
gas production practices but the mem- 
bers benefit from the experience 
gasoline plant operators. 

During 1956 programs were arranged 
promote problem study among the 
following type were prepared: 

Chemical treatment brines for 
injection into the ground. 

Benefits automatic lubrication 
corrosion inhibitors down-hole appli- 
cations. 

Cathodic protection piers and 
well casings. 

Advantages the conductometric 
method corrosion rate determinations. 

Other programs included reviews 
the NACE national conference and the 
sea-water corrosion conference held 
Jolla, California, Recent development 
plastics technology and application, 
corrosion research and corrosion con- 
trol applications were 
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CROSSING INSULATORS CASING 


FOR ANY JOB! 


Maloney Zipper Type 
Casing Seals 


neoprene used the Maloney Seal 
ind insulator) live resilient rubber. 

the best rubber that can 
ompounded. 


CUTAWAY 
SHOE 


Casing Insulator 


Manufactured sizes 
from through 12” 


Manufactured with neoprene, which 


vulcanized the steel band core 
the rounded steel runners, there 
place “short-out” between the casing 


and the carrier line. The steel core 
completely surrounded with neoprene 
and bonded under heat and pressure 
give the same strength army 
tank tread blocks. 


“Something from the Irishman” 


MALONEY 


Houston, Texas 


2301 TEXAS AVE. FA3-3161 HOUSTON 


The Maloney 


Crossing 
For all Sizes Pipe 


These insulators have superior insulation 
qualities because the low moisture 
absorption and the long life compound- 
into the neoprene. The wide steel, 
sled type runners make installation easy. 
The extra wide band affords positive 
grip. Bonded metal-to-neoprene-to- 
metal, the runner insulates and also per- 
mits flexibility compensate for pipe 
Ribbed neoprene lining can 
furnished desired. 


CUTAWAY 
INSULATOR 


~ 
NACI 


Gleekman Chairman 
Chlorine Committee 


Gleekman, Wyandotte Chemi- 
cal Corp., Wyandotte, Mich. has been 
appointed chairman NACE Task 
Group T-5A-4 Corrosion Chlo- 
rine. This appointment was announced 
recently the chairman Unit Com- 
mittee T-5A, Zimmerer, Petro-Tex 
Chemical Company, Houston, Texas. 

Wayne Inbody, Diamond Alkali Com- 
pany, Painesville, Ohio was chairman 
the task group for the past two years. 
Mr. Inbody submitted his resignation 
the T-5A meeting held Louis. The 
task group planning questionnaire 
designed bring the committee 
date corrosion equipment used 
handle cholrine. 


ASSOCIATION 


Corrosion Task Group 


Hoffman, Phillips Petroleum 
Company, Idaho Falls, Idaho has been 
reappointed chairman Task Group 
T-5A-6 Corrosion for two 
year term. The task group announced 
the Unit Committee T-5A meeting 
held St. Louis that report 
Corrosion had been prepared the 
committee and would submitted 
the unit committee the near future. 
Plans have been tentatively made 
present the report paper 
NACE Regional meeting the next 
annual conference. 


the 


SIZES: 
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pipelines Casings... 
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CORROSION ENGINEERS 


Products Pipe Line 
Coupon Tests Are 
Surveyed T-2E 


Three sets corrosion coupons, 
from product pipe lines using oil solu 
inhibitors and one 
from product pipe 
line using inorganic 
inhibitors 
amined and discussed 
the T-2E Internal 
Corrosion Prod- 
uct Pipe Lines and 
Tanks meeting held 
St. Louis. The 
corrosion coupons 
were some those 
that had been placed 
pipe lines con- 
nection with the 
T-2E 
sion coupon test 
Plantation Pipe Line Company, Atlant:, 
Ga. chairman T-2E reported that 
good results were obtained each 
the cases discussed the meeting. 

Data furnished the committee in- 
dicated that many product storage tanks 
suffer severe corrosion. Coatings and 
inhibitors were discussed remedial 
measure. questionnaire will 
pared and survey will made 
ascertain the extent tank corrosion 
problems, 

Unit Committee T-2E planned hold 
its next meeting conjunction with 
the Northeast Region NACE meeting 
Pittsburgh, November 12-14, 1957. 


Accelerated Galvanic 
Anode Tests Considered 


Development standard accelerated 
galvanic anode test procedures has been 
assigned Task Group T-2A-2 under 
Unit Committee T-2A Galvanic 
Anodes for Cathodic Protection. 
Robertson, Dow Chemical Company, 
Midland, Michigan was appointed chair- 
man, 

Other members are Lennox, Jr., 
American Smelting and Refining Com- 
pany, South Plainsfield, New Jersey; 
Horst, Aluminum Company 
America, New Kensington, Pa. and 
Costanzo, Manufacturers Light 
and Heat Company, Pittsburgh, Pa. 

The task group assignment was made 
T-2A meeting the NACE Annual 
Conference St. Louis attended 
seventy-five members and guests. 

was decided also terminate Task 
Group T-2A-1 Ribbon Anodes. The 
committee decided review work 
the task group and consider preparation 
interim report. 


Attendance Nearly 10,000 
St. Louis Sessions 


Attendance technical sessions ex- 
clusive committee meetings held dur- 
ing the 13th Annual Conference St. 
Louis March has been estimated 
9364. The attendance ranged from 
Average attendance was 137. 


Parker 


Bibliographic Surveys Cor- 
rosion offer convenient way survey 
the world’s literature corrosion con- 
trol. 
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TECHNICAL COMMITTEE ACTIVITIES 
ow 


With approval the report spon- 
sored research Yale University 
Hydrogen Sulfide Stress Corrosion 
Cracking entitled “Hydrogen Absorp- 
tion, Embrittlement and 
Unit Committee T-1G Sul- 
fide Stress Corrosion 
siders its initial objective has been com- 
The committee 
voted terminate unit committee 
meeting held St. Louis. will 
continue function task group 
under Unit Committee T-1F Metal- 
lurgy. The committee’s task group des- 
ignation will Sulfide Stress 
Corrosion Cracking. 

Spontaneous failure steel media 
containing sulfide assumed 
serious proportions the petroleum in- 
alloy tubing some sour 
densate wells. The serious character 
the problem was not defined the 
number failures but the magnitude 
the economic and technical hazard 
implied the failures. Early recogni- 
tion the problem led extensive lab- 
oratory and field investigations the 
operating companies and within the 
NACE Practices Committee 
TP-1G, later known Unit Committee 
T-1G 

summary laboratory and field in- 
vestigations was published NACE 
1952. 

was anticipated that effective field 
measures could taken only when and 
reasonably complete mechanism was 
available. Further, the specifications and 
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Sulfide Stress Corrosion Cracking Unit 
Terminates Research Report Approved 


interpretations laboratory testing pro- 
cedures also depended 
knowledge the Accord- 
ingly, 1951 the NACE Technical 
Practices Committee TP-1G initiated re- 
search the Metallurgy Department 
Yale University for the purpose in- 
vestigating the mechanism failure 
steel hydrogen sulfide. The report 
“Hydrogen Absorption, Embrittlement 
and Fracture contains the 
summary experimental data and con- 
clusions drawn from the work conducted 
Yale University from 1951 Sep- 
tember 1955. The report has been re- 
viewed members Unit Committee 
T-1G and approved. has been sub- 
mitted the Technical Practices Com- 
mittee chairman who has recommended 
the report published. anticipated 
the report will published 
Corrosion, Reprint copies the report 
will made available from NACE 
Central Office. 


T-8 Refining Industry 
Corrosion Approved 


The Technical Practices Committee 
and the NACE Board Directors have 
approved formation NACE Technical 
Group Committee T-8 Refining In- 
dustry Corrosion. Holmberg, con- 
sulting engineers, Houston been 
appointed chairman. Backensto 
the Socony Mobil Oil Company 
Paulsboro, New Jersey the vice chair- 
man and Cecil Phillips, Humble Oil 


Quoth Sir Galvaknight: Complete 


Good Enough 


process seals out corrosion 


And the best complete 
anti-rust protection for 
iron and steel hot-dip 

galvanizing. 


all surfaces, other 
protective coating can. Armor- 
plate your iron and steel with 
hot-dip galvanizing the 
Southwest’s largest commercial 
galvanizers, the Nowery Smith 


Company! 


COMPANY 


Commercial Galvanizing 


8000 Hempstead Hwy. UNderwood 9-1425 
P.O. Box 7398 Houston 3, Texas 


Refining Company, Baytown, Texas 
secretary. 

Group Committee T-8 held its o:- 
ganization meeting during 
NACE Conference St. Louis. 
tion was outgrowth Task 
T-5B-2 Sulfide Corrosion 
Temperatures and Pressures the 
troleum Industry, organized 1954 and 
dissolved after its assignment had becn 
essentially completed San Antonio 
October, 1956. 

Success the task group 
led members believe that 
work other corrosion problems the 
petroleum refining industry should 
done the committee. Plans are 
made for studies other aspects 
corrosion the petroleum refining 
dustry. Most members Task Grou» 
T-5B-2 are now members 
Committee T-8. 

The chairman Group Committe 
T-8 invites all NACE members inter 
petroleum refining industry contac! 
him 4101 San Jacinto Street, Hous 
ton. Second meeting Group Com 
mittee T-8 will held October 
this year location announced 
later. 


Pump Parts Inquiry Task 
Group Probe Started 


task group has been appointed 
Unit Committee T-1D Sour Oil Weil 
Corrosion investigate brand names 
see whether chart brand names 
metallurgically similar parts should 
compiled. The task group will also at- 
tempt ascertain whether the produc- 
ing companies have sufficient records 
indicate what pump parts show the 
greatest percentages failure. may 
prepare methods whereby the difference 
between failures caused 
and those attributable other causes 
can distinguished. Prange, 
Phillips Petroleum Company, Bartles- 
ville, Oklahoma was 
man the group. 


Metallurgy Committee 


Cooley, Bethlehem Steel Com- 
pany, Tulsa, Oklahoma became chair- 
man NACE Unit Committee T-1F 
Metallurgy the committee’s meet- 
ing St. Louis during the annual con- 
ference. Monte Kaplan, Atlantic Refin- 
ing Company, Dallas, chairman T-1F 
since March 1956, resigned because 
re-assignment duties his company. 
Mr. Kaplan also was chairman Unit 
Committee T-1G Sulfide Stress Corro- 
sion Cracking, now task group under 
Unit Committee T-1F Metallurgy. 

Rutherford, Tubular Products 
Division, Babcock and Wilcox Com- 
pany, Beaver Falls, Pa. will chair- 
man Task Group T-1F-1 Sulfide 
Stress Corrosion Cracking. 


Salt Spray Test Discussed 


the April 25-26 meeting the 
Institute Environmental Engineers 
Chicago, the following paper was 
presented: 

Critical Analysis the Salt Spray 
Test, Carl Durbin, Chrysler Engineer- 
ing Division, and Walter Cavanaugh, 
Parker Rust Proof Company. 
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nickel handles hot 73% caustic without corrosion damage 

Here you the foot the ladder show that hot, 73% caustic has been the 

caustic cargo tank the Marine for years. The Lukens Nickel- 

Chem. Clad Steel, the nickel ladder, the nickel 

Notice the ladder itself. Run finger heating coils have remained sound and 

nder along the rail. Look the tank wall. protected the cargo from metallic con- 

Touch it. Not sign corrosion. Nothing tamination. 

Get rundown ‘‘The Resistance Nickel 

ae . . . 
and Its Alloys Corrosion Caustic 

This the subject Inco’s valuable with specific caustic corrosion problems. 

Techical Bulletin, T-6. Make sure youhave Address the query Inco’s Development 

the copy for your files. Write, too, for help and Research Division. 

leers 

THE INTERNATIONAL NICKEL COMPANY, INC. 

ugh, 


NICKEL... for purity 


TRADE MARK 
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Second 2-Year Term T-2B 


Maitland, American Telephone 
and Telegraph Company, New York, 
New York has been re-elected 
second two-year term chairman 
Unit Committee T-2B Anodes for 
Impressed Current. Dorsey, South- 
ern California Gas Company, Los An- 
geles, California has been elected vice- 
chairman T-2B and Hugo, 
Phillips Petroleum Company, Bartles- 
ville, Oklahoma has been elected secre- 
tary. 


the T-2B meeting held St. 
Louis second report use high 
silicon cast iron for anodes was made 


Task Group T-2B-4, The first re- 


SPRAY SHOE 
NOZZLES 


Spray shoe cross section 
shows how spray noz- 
zles give DOUBLE dope 
coverage pipe top, 
TRIPLE coverage pipe 
for better coating job. 
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port high silicon cast iron anodes 
was published the February 1957 
the second report will reviewed 
the unit committee and possibly sub- 


mitted for publication some time dur- 
ing 


Structural Plastics Unit 
Elect New Officers 


Bradley, Shell Oil Company, 
Berkeley, California chairman 
since the committee’s meeting March 
1956 has resigned chairman NACE 
Unit Committee T-1J Oil Field 
Structural Plastics. Mr. Bradley’s com- 
pany work assignment has changed 


Machines Have Exclusive 
NOZZLE-FITTED SPRAY SHOE 


DOUBLE-COAT, DOUBLE-WRAP MACHINE 


PERRAULT COATING AND 
PING MACHINES for large pipe sizes are 
more dependable. They have less down- 
time because, when compared the indus- 
try, they are designed with: More power, 
heavier transmissions, bigger clutches, 
stronger speed reducers, greater pumping 
capacity, full-width rubber crawlers. Even 
with these better components Perrault units 
are lighter weight. Other models avail- 
able for all pipe sizes; any coat and wrap 
Call Perrault for complete 


combination. 
details. 


PERRAULT EQUIPMENT COMPANY 


1130 BOSTON TULSA, OKLA. TELEPHONE LUther 5-1103 


ALSO CARRIED STOCK: 
Pneumatic Inside Line-up 
Cleaning and Priming Machines 
Glass Pipe Wrap, Asbestos Felt 
Wrap, Kraft Wrap, and Rock 
Shield. Tar-Heating Kettles, 
Burners, Patch Pots and Ac- 
Pneumatic-Tired Lowering-In 
Cradles, Adjustable Pipe 
Cradles, Five-roller Cradles, 
Tongs, Hooks, Blocks, Belts, 
Slings, Line-up Clamps, Hand 
Tools, Supplies and Equipment 
every sort. 


Vol. 


preclude his further activity the com- 

and Manufacturing Company, St. 
Minnesota was the vice-chairman 
T-1J. Mr. Sanford also resigned because 
transfer within his New 
officers will selected the com- 
mittee letter ballot after report 
made the selection nominees 
nominating committee appointed 
St. Louis. 


Protective Coatings Unit 
Headed Van Delinder 


Van Delinder, Carbide and Car 
bon Chemical Corp., South Charleston, 
West Virginia has 
been appointed chair- 
man Technical 
Unit Committee T-6 
Protective Coat- 
bee, chairman the 
Committee the 
meeting St. Louis. 

Mr. Van Delinder’s 
appointment was for 
one-year term 
expire the end 
NACE Conference 
March 1958. Mr. 
Van Delinder was 
elected vice-chairman Unit Commit- 
tee T-6 and had served that capacity 
since March 1956. 

The appointment was made necessary 
the resignation the T-6 chairman 
Whiteneck, Plicoflex, Inc., Los 
Angeles who was elected vice-president 
NACE for 1957-58. Duties that 
office were responsible for his resigna- 
tion, 


Van Delinder 


Bigos Investigate Need 
For Further T-6G Work 


Joseph Bigos, United States 
Corporation, Applied 
tory, Monroeville, 
Pa. has been ap- 
pointed temporary 
chairman NACE 
Technical Unit Com- 
mittee T-6G Sur- 
face Preparation for 
Organic 
The appointment 
man 
sary when both the 
chairman and vice 
chairman the com- 
mittee submitted res- 
ignations. Dr. Bigos 
was asked ascer- 
tain what fields study the com- 
mittee should continue work the 
committee shows interest further 
work initiate proceedings 
mination, 


Steel 
Research Labora- 


Bigos 


Complete Five-Year Set 
Corrosion Issues Offered 


complete file Corrosion for 
five years, including current issues 
available from Logan 
merly with Goodrich Co. Any per- 
son firm interested securing this 
complete file invited write Mr. 
Glass, case Corrosion, 1061 
Bldg., Houston Texas. 
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Protect Plant and Equipment with 


and save three ways: 


Lower Applied Cost 
Less Down Time 


Longer Lasting Protection 


takes thickness paint film give 
effective, long lasting protection against 
chemical attack. Corrosion engineers call 
the “magic five mils.” But obtain 
mil film with conventional cold spray 
paints means four five coats, with eight 
ten hours drying time between. 


But Tygon “ATD” Hot Spray builds the 
magic five mils just two slow passes 
the spray gun. Labor costs are cut 20%- 
30%. Down time held minimum. 
And you get all the protection against 
corrosive attack for which Tygon plastic 
famous. 


Write for the 


TYGON COATING MANUAL 
This manual 
filled with data make your 
battle against corrosion easier. 


New York Chicago Houston 


154E 
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TECHNICAL 
REPORTS 


Corrosion Oil and 
Gas Well Equipment 


T-1A Survey Corrosion Control Cali- 

fornia Pumping Wells. A Report of 
T-1A on Corrosion in Oil and Gas Well Equip- 
ny Los Angeles Area. Pub. 54-7. Per Copy, 


T-1C Current Status of Corrosion Mitiga- 

tion Knowledge on Sweet Oil Wells. 
A Report of Technical Unit Committee T-1C 
on Sweet Oil Well Corrosion. Per Copy, $.50. 


T-1C Field Practices for Controling Wa- 

ter Dependent Sweet Oil Well Corro- 
sion. A Report of Technical Unit Committee 
T-1C on Sweet Oil Well Corrosion, Compiled 
by Task Group T-1C-1 on Field Practices. 
Pub. No. 56-3, Per Copy $1.00. 


TP-1D Sour Oil Well Corrosion. Corrosion 
August, 1952, issue. NACE members, 
$.50; Non-members $1 Per Copy. 


TP-1G_ Field Experience With Cracking of 

High Strength Steel in Sour Gas and 
Oil Wells. (included in Symposium on Sulfide 
Stress Corrosion.) (Pub. 52-3) $1 Per Copy, 5 
or more copies to one address, $.50 Per Copy. 


T-1G Sulfide Corrosion Cracking of Oil 

Production Equipment. A Report of 
Technical Unit Committee T-1G on Sulfide 
Stress Corrosion Cracking. Pub. 54-5. $.50 
Per Copy. 


T-1J Status Report of NACE Technical 
Unit Committee T-1J on Oil Field 
Structural Plastics. Per Copy $1.00. 


T-1J Reports to Technical Unit Commit- 

tee T-1J on Oilfield Structural Plas- 
tics. Part 1, Long-Term Creep of Pipe Ex- 
truded from Tenite Butyrate Plastics. Part 
2, Structural Behavior of Unplasticized Geon 
Polyvinyl! Chloride. Publication 55-7. Per 
Copy $.50. 


Summary Data Use Struc- 

tural Plastic Products in Oil Pro- 
duction. A Status Report of NACE Technical 
Unit Committee T-1J on Oilfield Structural 
Plastics. Per Copy $.50. 


T-1J Service Reports Given on Oil Field 

Plastic Pipe. Activities Report of 
T-1J on Oilfield Structural Plastics. Per 
Copy $.50. 


T-1J Oilfield Structural Plastics Test Data 
are given. Activities Report of T-1J 
Oilfield Structural Plastics. Per Copy $.50. 


T-1J Reports to Technical Unit Commit- 

tee T-1J on Oil Field Structural 
Plastics. Part 1—The Long Term Strengths 
of Reinforced Plastics Determined by Creep 
Strengths. Part 2—Microscopic Examination 
as a Test Method for Reinforced Plastic Pipe. 
Per Copy $.50. 


T-1J Status Report of NACE Technical 

Unit Committee T-1J on Oil Field 
Structural Plastics. Part 1—Laboratory Test- 
ing of Glass-Plastic Laminates. Part 2— 
Service Experience of Glass Reinforced Plastic 
Tanks. Part 3—High Pressure Field Tests of 
Glass-Reinforced Plastic Pipe. Per Copy $.50. 


T-1K Proposed Standardized Laboratory 

Procedure for Screening Corrosion 
Inhibitors for Oil and Gas Wells. A Report 
of T-1K on Inhibitors for Oil and Gas Wells. 
Publication 55-2. Per Copy $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bidg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico, 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


ASSOCIATION CORROSION 


Marine Deterioration 
Group ElectsWakeman 


Acting recommendation the 
Technical Practices Committee the 
NACE Board Di- 
rectors has approved 
formation new 
Group Committee 
T-9 Marine Bio- 
logical Deterioration. 
This group was for- 
merly known the 
Marine Biological 
Deterioration Con- 
ference the Sea 
Institute. 
Members the con- 
ference voted let- 
ter ballot become 
affiliated with NACE Wakeman 
and become 
technical committee the Association. 
Wakeman, Consultant, Los An- 
geles, California was 
man the Group Committee 
Election other officers and committee 
objectives will announced the near 
future. 


Low Pressure Gasoline Plant 
Coatings Are Discussed 


Interim reports recommendations 
for coatings used low pressure gaso- 
line plants and coatings and methods 
for tanks were presented Unit Com- 
mittee T-6E Protective Coatings 
Petroleum Production the commit- 
tee’s meeting St. Louis. Olive, 
Arkansas Fuel Oil Corporation, Shreve- 


ENGINEERS Vol. 


port, Louisiana presented the report 
low pressure gasoline plants and 
Fritts, Socony Paint Products Co, 
Houston, presented the report tanks, 

Also presented the T-6E meeting 
were results committee question- 
practices and field data that might 
plement contemplated recommended 
practices and 
protective coatings used 
leum production, Results were 
and the statistical study was offered 
the chairman the various task groups 
for use developing final recommend: 
tions. 


Names Munger 


Munger, Amercoat Corporation 
South Gate, California became 
NACE Technical Unit 
T-6A Organic Coatings and Linings 
for Resistance Chemical Corrosion 
when McFarland, Jr., Hills-McCanna 
Chicago, Illinois resigned the 
chairmanship the St. Louis meeting. 
Mr. McFarland was appointed co-chair- 
man the technical program committee 
for the NACE Conference held 
San Francisco March 1958. felt 
could active Unit Committee 
T-6A carry out the 
assignment technical program. 
Munger said nominating committee 
has been appointed select nominees 
office vice chairman. 

Papers are being sought now for 
NACE’s 1958 Conference San Fran- 


cisco. 


M&M BLDG., 


HOUSTON, TEXAS 
Phone 2-2203 


1038 4th St., 
Gretna, La. 
FOrest 1-1861 


INDUSTRIAL 
CORROSION 
PREVENTION 
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Cronox 


the best way stop 
corrosion your well 


Where corrosion protection concerned, every well different. 
The method and inhibitor use depend not only whether 
your well flowing, pumping gas condensate, but also 

none gas lift natural flow. 


There wide range CRONOx inhibitors apply your 
well including water and oil soluble types vapor 
phase, stick and concentrated inhibitors bactericides and 
combination bactericide-inhibitors. And Aquaness field men 
are thoroughly experienced ways use these inhibitors 
tackle every type corrosion situation. 


Pennies for protection, using inhibitors, can save 
you thousands sucker rod and tubing replacement and lost 
production. Get your engineered corrosion control program 
started now, calling your local Aquaness representative. 


Write for copy the new 
Corrosion Inhibitors” 


ess 
ATLAS POWDER COMPANY 
2005 Quitman Street, Houston 26, Texas 


| 
Aquaness 
if 
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HAVEG PLASTICS 


Eliminate Plating 


Polyester Glass Fume Duct and Scrub- 
bing System Replaces Black Iron Instal- 
lation Thompson Products 


Nitric and nitric hydrofluoric acids 
are used daily Thompson Products’ 
Coit Road Plant Cleveland, for 
pickling and plating great variety 
automotive and aviation valves and 
other parts. Installation light weight 
Haveg polyester glass fume hoods and 
duct leading from plating tanks 
fume scrubber chamber solved costly 
corrosion problems present former 
system. Because sections Haveg 
polyester glass duct may homoge- 
neously joined the time installa- 
tion, fume leakage duct joints and 
the scrubber were longer prob- 
lem. Corrosion machine tools and 
other parts used the plating room 
was completely eliminated. Mainte- 
nance-free polyester glass, cut system 
repair and replacement costs 
unprecedented minimum! 


Room CORROSION 


Haveg Cuts Corrosion Down the Line 


addition polyester glass fume 
ductwork 
Haveg chloride lined steel 
plating and acid tanks, and scrubber- 
to-fan lines have shown superior cor- 
rosion resistance advantages the 
plant. Similar fume removal and plat- 
ing installation are used Thompson 
Products other plants throughout 
the Cleveland area. 


Haveg Plastic for Every Service Requirement 


other material offers wide 
range effective resistance cor- 
rosive acids, hypochlorites, salts, alka- 
lies, and solvents the Haveg plas- 
tics. Custom design and field service 
assures you full advantage Haveg’s 
low net cost for every process instal- 
lation. Let qualified Haveg corrosion 
engineer help you determine the Haveg 
plastic and equipment design best 
suited for your write for 
Haveg Bulletins describing the com- 
plete line corrosion resistant 
equipment. H-703 


HAVEG PLASTICS TOMORROW SOLVE YOUR CORROSION PROBLEMS TODAY 
PIPING PUMPS PROCESS TANKS FUME DUCTS VALVES HEAT EXCHANGERS 


Factory: Marshallton, Del. Phone WYman 8-2271 


Atlanta, Cedar 7-3821 © Chicago (Wheaton), WHeaton 8-3225 © Cleveland, WAshington 1-8700 © Detroit 
(Livonia), KEnwood 1-1785 ¢ Houston (Bellaire), MOhawk 7-6519 © Los Angeles * New York (Westfield, N.J.), 
WEstfield 2-7383 © Seattle, Main 9006 Denver, BElmont 7-0433 Canada: Montreal, Glenview 7791 


¢ Toronto, RUssell 1-5559 © Monterrey, Mexico 


Factor 


contains 
phrases material issue 
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High Purity Water Unit 


Elects Blaser Chairman 


Blaser, 
Company, Alliance, Ohio been 
elected chairman Technical Unit Com- 
mittee T-3F Corrosion High Purity 
lurgical Engineering, Virginia 
nic Institute, Blackburg, Virginia has 
been re-elected second two-year 
vice chairman T-3F. Mr. Blaser 
served chairman the High Purity 
Water Symposia held the 12th 
NACE Conference New York 1955 
and St. Louis the recent NACE Con- 
ference. symposium high purity 
water being planned the commit- 
tee for the NACE Conference 
San Francisco March 1958. 


e 
The 10-Year Index, published 1956 
more than 4000 


1945-54 inclusive. 


TECHNICAL 
REPORTS 


CORROSION 
UTILITIES 


T-4B Cell Corrosion Lead Cable 

Sheaths. Third Interim Report 
Technical Unit Committee T-4B on Corrosion 
Cable Sheaths. Compiled Task Group 
T-4B-1 on Corrosion of Lead and Other 
Metallic Sheaths. Publication No. 56-9. Per 
Copy $.50. 


T-4B-2 Cathodic Protection Cable 

Sheaths. Fourth Interim Report 
Technical Unit Committee T-4B on Corrosion 
of Cable Sheaths. Compiled by Task Group 
T-4B-2 on Cathodic Protection. Publication 
56-13. Per Copy $1.00. 


T-4B-3 Tests and Surveys for Lead Sheathed 

Cables in the Utilities Industry. Sec- 
ond Interim Report of Technical Unit Com- 
mittee T-4B on Corrosion of Cable Sheaths. 
Publication 54-6. Per Copy $.50. 


T-4B-4 Pipe-Type Cable Corrosion Protec- 
tion Practices the Utilities In- 
dustry. First Interim Report of Technical 
Unit Committee T-4B Corrosion Cable 
Sheaths. Publication 54-3. Per Copy $.50. 


T-4B-6 Stray Current Electrolysis. Fifth 

Committee T-4B on Corrosion of Cable 
Sheaths, prepared by Task Group T-4B-6 on 
Stray Current Electrolysis. Publication No. 
57-1. Per Copy $1.00. 


T-4F-1 Report Task Group 
T-4F-1 Water Meter Corrosion. 

Per Copy $.50. 

TP-12 Report on Electrical Grounding Prac- 


tices. Per Copy $.50. 

TP-19 Effects Deicing Salts— 

Progress Report by Technical 

Practices Committee 19. Corrosion, January, 

1954, issue. NACE members $.50; Non-mem- 
bers per copy. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 


voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Ridg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 
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Papers, 
Other Events Set 
Northeast Region 


The three-day program Northeast 
egion Syracuse University May 20- 

includes eleven technical papers, 

und table discussion, laboratory dem- 
and two plant tours. 
complete program will found 

pril Page 81. 

Papers include discussions inhibi- 
tors, coatings, high purity water, power 
ants, chemical industry materials, 
cable sheaths, cathodic protection, 
and valves. Theme the meet- 
Materials.” 

Registration opens am, Monday, 
May 20, the foyer Maxwell Hall, 


Teche Section Short 
Course Topics Listed 


Topics for the June 6-7 Short Course 
Corrosion held the South- 
western Louisiana Institute, Lafayette, 
La. Teche Section NACE have been 


Dowell, Inc., Lafayette: 

Thursday, June 
Morning: Registration, introduction, 


Fundamentals Corrosion. Labora- 
tory and Field Methods Determin- 
ing Corrosion. Corrosion Control 
Oil and Gas Wells. Plastic Materials 
for Corrosion Control. 

Afternoon: Role Alloys Corrosion 
Prevention. Corrosion Protection 
Marine Lines and Structures. Demon- 
strations. 

Friday, June 

Morning: Selling Corrosion Control 
Management. Cathodic Protection 
Underground Pipelines. 
Chemical Inhibitors. Field Applica- 
tion Chemical Inhibitors. 

Afternoon: Protecting Oil Well Casing 
from Corrosion. University Texas 
Extension Service film Corrosion. 
Round table discussion. 


Registration fee $15 includes two 
noon meals, Fellowship Hour and Thurs- 
day night banquet Lafayette Petro- 
leum Club. 


Dorsey New Chairman 
Los Angles Section 


The following newly elected 1957 of- 
ficers Los Angeles Section were in- 
stalled the March meeting the 
section: Dorsey, Southern Cali- 
fornia Gas Company, chairman; 
Hedborg, Union Oil Company: Cali- 
fornia, vice-chairman; and Glen Lacy, 
Amercoat Corporation, secretary-treas- 


NORTHEAST REGION’S May 20-22 meeting will held Hinds Hall Engineering, Syracuse 
University, Syracuse, Lectures will the campus and demonstrations this building. 


SPEAKERS JOINT NACE-AES-ECS meeting March University Maryland are, left 


right: Philibert, Weather Mastic Co.; 
Corcoran, dean, Department Electrical Engineering, 


Bertucio, Western Electric Co.; 


Kruger, National Bureau Standards; 


University Maryland; Ralph Roberts, Office Naval Research; Hamer, NBS; Mayer, 
Byers Co. and Mrs. Burbank, NBS. 


Baltimore Section Participates Second 
Annual Joint Electrochemistry Meeting 


Eight members and guests attended 
joint meeting three Baltimore- 
Washington area engineering organiza- 
tions, The Second Annual Joint Meet- 
ing Electrochemistry, March 
University Maryland. Represented 
were members the American Elecrto- 
platers Society, Electrochemical Society 
and the National Association Corro- 
sion Engineers. 

Ralph Roberts, Office Naval Re- 
search made the prinicpal address con- 
cerning his recent experiences during 
tour Europe scientific liaison offi- 
cer the American embassy London. 
discussed aspects electrochemical 
research Europe including electro- 
plating, corrosion and research meth- 
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ods, including work Cebelcor and 
other laboratories. Slides color illus- 
trated his talk. 
Other items the program were: 
Why Joint Meeting? Kruger, 
National Bureau Standards. 
NACE’s Approach Corrosion Miti- 
gation, Philibert, Weather Mastic 
Co. and Mayer, Byers Co. 
Relationship the American Electro- 
platers Society the Electrochemical 
Society, Bertucio, Western Elec- 
trict Co. and Jules Horelick. 
Electrochemical Society Ad- 
vances Theoretical Electrochemistry, 
Hamer and Mrs. Burbank, 
NBS. 
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LUZERNE 
PVC 


PIPE FITTINGS 
Will 
Help Solve Your 


Corrosion Problems! 


Having trouble with corrosion inter- 
nal build-up slime and scale your 
piping? The smooth inside 
LUZERNE rigid, unplasticized Polyvinyl 
Chloride Pipe and Fittings means less 
this difficulty; and because it’s non-metal- 
lic, electrolytic action eliminated, too. 

LUZERNE PVC Pipe and Fittings are 
light weight, easy install with either 
screwed fittings welding socket fittings, 
and economical too, Immediate delivery. 


SEND FOR BULLETIN PF-1100 


LUZERNE offers improved and expanded 
line HARD RUBBER VALVES for Chem- 
ical Applications . . . Flanged Valves . . . 
Threaded Screw Straight Way Valves 
Screw Stem Angle Valves . . . Globe Valves 

all with improved Pont Teflon packing. 


Custom Molding 


The LUZERNE RUBBER 


300 Muirhead Avenue Trenton, 


Sales Representatives 
ALBERT COX CO. 
Chicago, III. 

FOLTZ CO. 
Houston, Texas 


RUBBER ASBESTOS WORKS 
Los Angeles, Calif. 
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Janota 


Risetter Smith 


Spokane Short Course 
Program Given 


Following the schedule for the 
April 8-11 Corrosion Short Course held 
the Davenport Hotel, Spokane, Wash. 
The course was sponsored the Tech- 
nical Extension Service Washington 
State Institute Technology, State 
College Washington cooperation 
with NACE. 


Monday, April 
Physiochemical Factors, Pryor, 
Kaiser Aluminum and Chemical 
Corp., Spokane. 
Metallurgical and Mechanical Factors, 
Beeston, State College Wash- 
ington. 


Tuesday, April 

Design Equipment from the Corro- 
sion Standpoint, Bruce Levelton, 
British Columbia Research Council, 
University British Columbia, Van- 
couver. 

Selection Materials Construction, 
Bruce Levelton. 

Diagnosis Corrosion Problems, 
speaker not listed. 

Evaluation Corrosion Data, speaker 
not listed. 


Wednesday, April 

Coatings: Theory and Practical Appli- 
cation, George Martin, Parker Paint 
Mfg. Co., Tacoma, Wash. 

Coatings: Special Coatings and Tech- 
niques, Ayres, Hanford Labo- 
ratory, General Electric Co., Rich- 
land, Wash. 

Laboratory and Plant Testing for Cor- 
rosion, Ayres. 

Outlook for Nuclear Industry, 
McLenegan, General Electric Co., 
Richland. (Banquet address) 


Thursday, April 
Fundamentals Cathodic Protection, 
Mark Battersby, Farwest Corro- 
sion Co., Wash. 
Theory and Use Corrosion Testing 
Equipment, Bethel Bond, Farwest 
Corrosion Co., Inc. 


Keefe Moorman 


Officials for North 
Central October 
Meeting Are Named 


Officials and committee chairmen for 
the 1957 North Central Regional 
ing held Chicago October 1-4 
Sherman Hotel, Chicago, have been 
named follows: 

General Arrangements—R. Janota, 
Swift Co.; Henneberry, Amer- 
coat Corp. 

Technical Program—E. Moorman, 
International Harvester Co.; Col- 
lings, Sinclair Research Corp. 

Local Arrangements—P. Henne- 
berry; Ralph Bowers, Capitol Chemical. 

Entertainment—L. Risetter, Indus- 
trial Coatings Corp.; Larry Bott, Na- 
tional Aluminate Corp. 

Registration and Printing—J. Irwin, 
Revere Chemical Co.; Kowal. 

Keefe, Swift Co.; 
John Anthony, Johns-Manville Co. 

Dearborn Chemical Co. 

Ladies: Mdms. Janota and 
Risetter. 


Jacksonville Section Has 
One-Day Technical Meeting 


one-day technical program 
supper was scheduled April Jack- 
sonville Section Roosevelt Hotel, 
Jacksonville. 

The program included: Modern Us- 
age Plastic Pipe and Tubing, 
Fine, Southern Industrial Supply Corp., 
St. Petersburg, Fla. 

Corrosion Problems and Present An- 
swers the Public Utilities Industry, 
Prime, Jr., Florida Power Light 
Co., Miami. 

Corrosion Problems and Present An- 
swers the Phosphate Chemicals 
dustry, Chapman, Wyllys Taylor, 
Virginia-Carolina Chemical Co. 

Corrosion Problems and Present An- 
swers the Southeastern Pulp and 
Paper Industry, Roberts, St. 
Regis Paper Co., Eastport, Fla. 

Corrosion Problems and Present An- 
swers the Transport Industry, 
Dow Chemical Co. engineer. 

Use Inhibitors Check Metallic 
Corrosion, National Aluminate 
Corp. engineer. 

panel discussion was held beginning 
Steel Products Co., Atlanta. 

dinner address was scheduled 
Hall Carpenter, Carpco Manufacturing 
Co., Jacksonville. 


Public libraries may subscribe Cor- 
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TANKS AND STRUCTURES 


Proven systems for 
external internal 
of... 


Dehydrated gas lines 
Crude and petroleum 
product lines 


Salt water lines 

Fresh water lines 

Oil well tubing and casing 
Repressuring units 


every phase the oil and gas industry, Copon Coatings 
are doing job reducing corrosion losses. But many instances, 
they are accomplishing even more. 

Gas transmission companies report smooth, durable Copon 
Internal Pipe Coatings provide extra dividends increased 
thru-put, cleaner delivery and reduced pigging costs. Installa- 
tions pumping plants and refineries prove Copon External 
Tank Coatings stay dazzling white despite exposure severe 
atmospheric conditions, chemical fumes and spillage. 

Copon Coatings, and systems for coating underground pipe 
lines place individual joints for new construction, have 
been developed close cooperation with leading corrosion 
engineers. complete technical service available. Write today 
for help with your specific problem. 


For complete information Copon, write your 
company letterhead the manufacturer located nearest your city. 


COAST PAINT & LACQUER CO. 
P. O. Box 1113, Houston 1, Texas 


ENTERPRISE PAINT MANUFACTURING CO 
2841 S. Ashland Ave., Chicago 8, Ill. 


HANNA PAINT CO., INC. 
P. O. Box 3206, S. H. Station, 
Birmingham 5, Ala. 


KOHLER-McLISTER PAINT CO. 
P. O. Box 546, Denver 1, Colo. 


McDOUGALL-BUTLER CO., INC. 
2929 Main St., Buffalo 14, New York 


JAMES SIPE and COMPANY, INC. 
Box 8010, Pittsburgh 16, Pa. 


ALLIED PAINT MFG. COMPANY 
P.O. Box 1088, Tulsa, Okla. 


BENNETT’S. 
65 W. First South St., 
Salt Lake City 10, Utah 


WALTER N. BOYSEN CO. 
42nd & Linden Sts., Oakland 8, Calif. 
2309 E. 15th St., Los Angeles, Calif. 


BRITISH AMERICA PAINT CO., LTD. 
P. O. Box 70, Victoria, B. C., Canada 


BROOKLYN PAINT & VARNISH CO., INC. 
50 Jay Street, Brooklyn 1, N. Y. 


fal. 
NEW CONSTRUCTION 
An- 
loy 


THE 
LIQUID 


TIME, 
MATERIALS 


and 


MONEY 


Shut-in periods are 
slashed when this liquid 
corrosion inhibitor dump 
bailer used produc- 
ing oil gas condensate 
Average time per 
8,000 9,000 only 
one hour. This saving 
time cuts labor costs 
low for corrosion 
inhibitor treatment. Eas- 
ily lowered from conven- 
tional wire line. 


SAVES MATERIALS 


By using concentrated liquid inhibitor, it forms 
@ superior protective film as it moves up the 
string. Five quarts of inhibitor are al/ that are 
required to protect the average well for a month 
or longer. 


SAVES MONEY 


Your average cost for corrosion treatment may be 
reduced to as low as .004 ¢ per barrel of oil 
produced by using this Liquid Dump Bailer. Call 
Galloway Engineering Co., distributor of this 
revolutionary new system, for complete details. 


GALLOWAY 


ENGINEERING 


Beaumont, Texas 


Battle 


Koger Robinson 


Dillon 


Sharpe Titterington 


Symposia Chairmen Are Named for Oct. 1-4 
Meeting South Central Region 


Design Factors Discussed 
North Texas Meeting 


Frank Whitney, Monsanto 
Chemical Company, St. Louis, spoke 
Design for Corrosion the March 
meeting North Texas Section. 

Mr. Whitney discussed comprehen- 
sively factors minimize corrosion 
considered the design stage, 
said first consideration should 
select location which has minimum 
inherent corrosion and the 
quirement ease maintenance 
structures, 

then explained that four major 
pitfalls must avoided designing 
process equipment: galvanic corrosion, 
crevice corrosion, stress corrosion and 
unnecessarily corrosive condi- 
tions. Mr, Whitney concluded 
marks with description several 
practical measures for minimizing tank 
corrosion, 

There were members and guests 
present. 


Inhibitor Evaluation 
East Texas Section Topic 


Methods evaluating the merits 
inhibitors the laboratory were dis- 
cussed Simmons, Sun Oil Co. 
meeting East Texas Section 
March 26. The Longview meeting was 
attended members and guests. 

During the discussion following Mr. 
Simmons talk was brought out that 
cathodic protection may improved 
film type inhibitors and hindered 
other kinds, such the chromates. 

meetings are scheduled 
during June, July and August. Nomina- 
tions for new chairman were sched- 
uled the April meeting. 


Chairmen have been named for the 
five symposia given the October 
1-4 Oklahoma City meeting NACE’s 
South Central Region follows: 


Thursday, Oct. 


Corrosion the Gas Distribution In- 
dustry. Everett, Oklahoma 
Natural Gas Co., Tulsa and Robert 
Nee, Robert Nee Co., Tulsa, co-chair- 
men. 

Marine Corrosion. Robinson, Con- 
tinental Oil Co., New Orleans and 
Otto Gross, California Co., Harvey, 
La., co-chairmen. 

Process Industry—Session Ash- 
baugh, Carbide Carbon Chemicals 
Co., Texas City; Dillon, Carbide 
and Carbon Chemicals Co., Texas City, 
co-chairmen. 


Thursday, October 


Cathodic Protection. Titterington, 
Corrosion Services, Inc., Tulsa; James 
Stephenson, Gulf Refining Co., 
Houston, co-chairmen. 

Process Industry Symposium— Session 


Friday, October 


Corrosion Oil and Gas Production. 
Battle, Humble Oil Ref. Co., 
Houston; Koger, Cities Service 
Oil Co., Bartlesville, Okla., co-chairmen. 

Protective Coatings. Sharpe, Napko 
Corp., Odessa, Texas. 


Schaschl Joins Committee 


Edward Schaschl, Pure Oil Co., Crys- 
tal Lake, Ill. new member the 
NACE Abstract Sub-Committee. Mr. 
Schaschl takes the place vacated Miss 
Rosemary Smith, resigned because she 
leaving the International Nickel Co. 

Mr. Schaschl, who 
papers published CORROSION 
inhibitors and inhibitor testing, 
charge his company’s abstract punch 
card reference service. 
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J-M Asbestos Pipe Line Felt 
provides rugged strength and 


NACE NEWS 


long life for pipe line coatings 


Permits high-speed wrapping and 
effective protection for enamels 


Johns-Manville Asbestos Felt gives 
pipe line coatings the rugged 
strength that needed guard the 
enamel from years soil action. 
forms stable coating reduce the 
hazards pipe line corrosion leaks 
and provides sound foundation 
when cathodic protection used. 
Inorganic asbestos felt the only 
wrapper that has survived more 
than half century actual service 


JOHNS -MANVILLE 


PRODUCTS 


conditions all types soils. 

J-M Asbestos Pipe Line Felt acts 
continuous sheath over the en- 
amel... guarding the coating from 
the effect the shifting grip the 
soil expands and contracts 
due alternate wetting and drying. 
resists the destructive action 
bacteria, fungi and soil chemicals, 
thus assuring long life pipe line 
coatings. 


J-M Asbestos Pipe Line Felt 
available two types 
for field application 
mill wrapping 


Transhield® 
Asbestos Pipe 
Line Felt—for 
average soil 
conditions. 


#15 Asbestos 
Pipe Line Felt 
—heavy-duty 
material for 
severe soil 
conditions 
where 
heavier 
material 
desired. 


For further information about Johns- 
Manville Products for Pipe Line 
Protection, write Johns-Manville, 
Box 14, New York 16, Y., 
Canada, Port Credit, Ontario. 


ASBESTOS FELT FOR 
PIPE LINE PROTECTION 
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Pyrex Glass Central 


will talk Central Oklahoma Section 
Use Pyrex Glass Corrosion 
Prevention its May meeting. 
Also tentatively scheduled for No- 
vember meeting discussion titled 


Tomorrow’s 


RESIN RESE 


new PROFITABLE product 


CANADIAN REGION’S recent meeting Edmonton shown photographs above. Top, left 
and right, some the social events and bottom, two views the exhibits display. 


Okla. Section Topic 


“Deterioration Cooling Towers,” 

The April meeting scheduled Frank 
Taylor, Otis Pressure Control Co. talk- 
ing Corrosion Measurement 
Well Tubing. 


yr WO WY QQ ° »yi 
WS WS 
research and development 
NS WS 
SX rntww SX 
S SS S&S 
NS S& ° 
Research Laboratories can help 


and polymers, their related raw 
materials and multiple appli- 
cations, we’re fully staffed 

well equipped with the most 
modern laboratory facilities 
each job quickly, efficiently 
and economically. 


Let tell you more... 
there’s obligation for consultation. 


Through Resin and Polymer Research Today! 


ARCH LABORATORIES, INC. 
406 Adams Street, Newark 
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ST. LOUIS MARCH—Top, left 
Co., Inc., Wilmington, Del., who received the 
1957 Young Award; Rogers, Gulf 
Oil Corp., Houston, who received the Speller 
award and Carl Wagner, Massachusetts Insti- 
tute Technology, who received the Whitney 
Award. Bottom, Otto Fenner, Monsanto 
Chemical Co., St. Louis, Mo. reports the 
general business meeting the progress 
the conference, 


May, 


—— 


4 


May, 1957 


4 

this not old red barn any sense. 
modern aluminum farm building. And the 
farmer who wants paint aluminum—red any 


color—can most effectively and easily when 

first applies wash primer based Shawinigan’s 
Butvar. 
firmly aluminum, applies easily and dries 
quickly. provides excellent foundation for paint 
systems and effectively prevents corrosion. Only 0.3 
0.8 mils thick, the wash primer film equally 
effective conditioner and paint base for tin 


formal and 
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— 


something new the old red barn 


Butvar based wash primer simple regular 
ball pebble mill. 

Wash primers have extended the life metals 
many applications and have opened profitable 
new markets for paint manufacturers. For full tech- 
nical information and suggested formulations, write 
Shawinigan Resins Corporation, Department 2705, 
Springfield Massachusetts. 


SALES OFFICES: ATLANTA CHICAGO LOS ANGELES 
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CORROSION—NATIONAL 


Guests visible are, left Mr. Davis, Haase, Consultant, Milwaukee, Wis. 


ST. LOUIS SECTION NACE members and others who participated in a television program broadcast over 

KETC prior to the recent 13th Annual Conference are, left to right: Norton E. Berry, technical director 

of the Uranium Division at Mallinckrodt Chemical Works; Edwin F. Trunk, chief engineer, Laclede Gas Co.; 

Lawrence E. Stout, professor of chemical engineering, Washington University; William A. Bonner, corrosion 
engineer, Shell Oil Co., Wood River, 


with MAYCO dielectric 


couplings and unions! 


Joining dissimilar metals? Install MAY- 
Nylon Insulated Dielectric Fittings. 
They give positive protection, inexpensive 
enough for every job. Proven the mil- 
lions—able withstand 230° and pres- 
sures 1000 lbs. Order from your 
jobber now! 


ASSOCIATION CORROSION ENGINEERS 


NACE POLICY AND PLANNING committee shown its meeting during the St. Louis Conference: 
Identifiable the photograph, clockwise, Davis, Chicago Bridge Iron Co., Birmingham, 
Ala.; Noppel, Ebasco Services, Inc., New York, chairman, presiding; Campbell, NACE 
executive secretary; Durwood Levy, NACE staff; Vance Jenkins, API; Godard, Aluminium 
Laboratories, Ltd., Kingston, Ont. and Donovan, Consolidated Edison New York. 


Puckett 


Arrangements Well 
Under Way for 
San Francisco Meeting 


Key personnel have been selected and 
physical arrangements made for the 
14th Annual NACE Conference and 
Exhibition San Francisco next 
March. Roger Loper, Standard Oil 
Co. California, general conference 
chairman, reports the arrangements 
complete for use the civic auditorium 
and nearly complete for hotel facilities. 
Ample accommodations are sight for 
all requirements. 


Those responsible for on-the-spot ar- 
rangements are: 


General Conference Chairman Roger 
Loper, Supervisor, Materials Group, 
Engineering Dept., Standard Oil Com- 
pany California. 1947 graduate 
Carnegie Institute Technology with 
past chairman San Francisco Bay 
Area Section and was program chair- 
man for the 1955 Western Regional 
Conference. 

Assistant General Conference Chair- 
man Jackson Puckett, Materials Engi- 
neer, The Dow Chemical Co. Western 
Division. has chemical engi- 
neering, University California, 1926; 
past chairman San Francisco Bay 
Area Section and was registration com- 


(Continued Page 113) 
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Kanawha Valley Section 
Elects Officers for 1957-58 


The following were elected serve 
section officers during 1957-58 for 
Valley Section. Schroe- 
der, Standard Ultramarine Color 
Company, chairman; Moore, Ten- 
nessee Gas Transmission Company, 
vice chairman; William Tufts, Ashland 
Refining Company, treasurer; 
Brooks, Ashland Oil Refining 
secretary. 

Hamstead, Carbide Carbon 
hemicals Company, 
committee; Jack 3rown, 
ransmission Lines Dept., United Fuel 
(.as Company, chairman arrangements 
committee; Christie, Ben Wil- 
Company, chairman, member- 
siip and hospitality committee; 
Dept. Chem. Eng., West 


University; and Weigers, 
Allied Services, Inc., respectively 
the by-laws and publicity 
committee. 


Bradford Talks Coal 


Tar Epoxies Shreveport 


Bradford, Plastic Service, Inc., 
spoke approximately members and 
the Shreveport Section 
Cold Tar Epoxy Coating Application 
the section’s March meeting the 
Washington-Youree Hotel. 

Next meeting was scheduled April 
the Washington-Youree Hotel, 
discussion papers presented 
the recent NACE St. Louis con- 
ference, 


Television Script Available 


The television script used during 
30-minute program over St. Louis sta- 
tion NETC March available for in- 
spection Central Office NACE 
those interested producing similar 
program, 


Arrangements 
(Continued From Page 112) 


mittee chairman for the 1955 Western 
Regional Division Conference. 

Exhibits Committee Chairman George 
Works, Assistant Superintendent 
Maintenance, Oleum Refinery, Union 
Oil Co. Cal. graduated from Uni- 
versity Colorado 1940 with 
chemical engineering. past chair- 
man San Francisco Bay Area Section. 


Program Coordination Committee 
Chairman Robert Piehl, Materials 
Engineer, Richmond Refinery, Stand- 
ard Oil Co. Cal. 1953 grad- 
uate the University Wisconsin 
with chemical engineering. 


Publicity Committee Chairman Ar- 
thur Storm, Assistant Supervisor 
Maintenance and Construction, Avon 
Refinery, Tidewater Oil Co., has 
mechanical engineering from 
Oregon State College, 1939. past 
chairman San Francisco Bay Area 
Section. 


indexed annually De- 
cember. 
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TRUSCON LABO 
1700 Dept. 


How can 


RATORIES 


10, Detroit 11, 


stop corrosion 


our Plant 


Michigan 


“We Stopped Corrosion 


“Corrosion was rampant inside and out before Truscon diagnosed 
our troubles and prescribed TRUSCON CHEMFAST, corrosion and 
chemical resistant coating with Devran (epoxy 


you have amy corrosion your 
plant, stop before replacement 
costs eat gaping holes your profits! 
Send coupon above—take advantage 
Truscon experience and knowhow. 


Chemfast heavy-duty coating 
for protecting indoor and outdoor 
surfaces wood, metal and masonry 
against moisture, acids and alkalis. 
owes its toughness Devran (epoxy 
resin). 


CHOICE ATTRACTIVE, 
EYE-PLEASING COLORS 


MADE WITH DEVRAN— 
IT’S TOUGHER, 
MORE RESILIENT 
THAN GOLF 
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More Than 5000 See San Exhibit 


Public Interest 
Corrosion Amazes 
Section Members 


More than 5000 persons inspected 
stopped ask questions the NACE 


corrosion exhibit 
Section. San Diego Section members 


who staffed the exhibit were amazed 
the interest corrosion problems dis- 
played the public. Especially notable 
was the interest shown women 
the display corroded hot water heat- 
ers, part the exhibit. 

Section members were assisted 
booth hospitality Mrs. Lynn Iba and 
Mrs. Jan Hepner, wife Otto Hepner, 
NACE member. Both received tokens 
appreciation from the section 
March meeting. 

Among the numerous interesting ex- 
hibits were sections corroded pipes, 
water heaters, instruments for meas- 
uring corrosion, schematic cathodic 
protection system; small motor oper- 
ated from galvanic current created 
coupling dissimilar metals San Diego 
Bay muck, wall charts illustrating some 
types corrosion protection, literature 
and others. 

Success this exhibit has caused the 
San Diego Section seriously consider 
repeating its effort the affair held 
again future years. The display was 
part number shown the park dur- 
ing National Engineer’s Week. 


CORROSION 
PROBLEMS? 


3 


SULFUR, VANADIUM, AND 

SODIUM, FROM THE FUEL OIL 

CAUSED THESE BOILER TUBE 
FAILURES 


BARSAD FUEL TREATMENT 
PREVENTS THIS CORROSION 


THIS MAY THE 
TREATMENT YOU NEED 


T.M. Reg. U.S. Pat. Off. 
Pat. Pending 


FOR DETAILS WRITE 
LARCHMONT, 


SAN DIEGO SECTION’S exhibit during the 
recent Week Balboa Park shown 
above was visited about 5000 persons during 
the period February 21-24. Top: Father and 
two sons examine operating display. Table 
shows corroded water mains, gas mains and 
pump parts. Hostess Mrs. Otto Hepner seated 
left. Center: Interested visitors get answers 
from Dallas Raash, Helix Irrigation District, and 
others. table rear underneath the word 
“National” small motor running from cur- 
rent produced corrosion dissimilar metals 
San Diego Bay muck. Right, Dallas Raash 
explains exhibit hostess Lynn Iba and Member 
Otto Hebner, San Diego Water Dept. Exhibit 
measured current available protected sur- 
face compared unprotected surface. Meas- 
uring cell was motor operated and passed slowly from protected surface unprotected surface 
meter registered the current. This display attracted much attention and evoked many questions. 


All-American Canal, Telephone Cable 
Corrosion Problems Discussed San Diego 


the All-American Canal Imperial 
Valley were described members 
and guests San Diego Section 
March dinner meeting LaMesa, 
Cal. David Jones, Pacific Telephone 
and Telegraph Co., North Slides illustrated the lecture. 

Cal. talked “Corrosion Under- brief report the NACE exhibit 
ground Telephone Cables—Some Balboa Park was made Reuben 
lems Encountered and How They Escondido Mutual Water Co., 
Corrected.” Escondido, Cal. and Richard Whidden, 

Charles Youngstrom, Imperial Irriga- Convair reported 
tion District, Brawley, Cal. gave de- course basic corrosion. 
tailed description corrosion problems 
the All-American Canal. explained will held NACE re- 
and illustrated with slides the gates, meetings Oklahoma City and 
settling basins, silt sweeps Chicago this fall. 


problems connected with handling raw 
Colorado River water. Varieties ca- 
thodic protection systems and coatings 
are employed, said. 

Mr. Jones’ talk covered problems as- 
sociated with telephone cables con- 
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pare the 

whip 
protect 

your pipe 


You know how the bearings prevent crankshaft whip 
your car. Hill-Hubbell took the same principle, adapted 
the pipe wrapping business. Thus the giant double 
yoke shown above, grips and steadies pipe fed 
spirally into the coating-wrapping machine. This prevents 


surface 


whip, eliminates any irregularity the thickness the 
coatings the tension the wrappings. The pre- 
atings 4 
con- 
Specify Hill-Hubbell wrapped pipe your next job 
Co, 
dden, 
and 
DIVISION GENERAL PAINT 


ar 
7 


Basic Corrosion Course 
Considered San Diego 


short course basic corrosion 
under consideration San Diego Sec- 
tion. plans mature scheduled 
held during September, designed 
benefit plumbers, building maintenance 
men, tuna and other boat owners, main- 
tenance workers and boat repair men; some 
categories aircraft workers and others 
who need the training. The course will 
limited students and will 
held 2-hour sessions once week for 
four weeks. 


proposed general outline was sug- 
gested follows: 


Introduction corrosion. What is, 
does. Course subject material, basic 
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terminology and basic electricity, chem- 
istry and metallurgy. 

Dissimilar Metal Corrosion. Types 
metals, uses, refining, limitations. Exam- 
ples galvanic corrosion. Electromo- 
tive series. 

Chemical Corrosion. Causes, catalysts, 
aggressive environments, water chemis- 
try. Discussion types corrosion 
found water heaters, piping, valves, 
pumps, marine structures and aircraft. 

Types Protection. Cathodic protec- 
tion, alloys, coatings. 


Papers Are Reviewed 


heard and new products seen 
the March NACE Conference were 
described Ned Stearns, Stearns 
Co. about members Shreveport 
Section April 


New RUBEROID PIPELINE SHIELD 


means extra safety extra tough areas 


(Very Important Pipelines) take 
extra beating mountain cuts and 
river crossings from rock abrasion and 
penetration. The standard covering felt 
and enamel not enough insure long, 
maintenance-free performance. 
areas, Ruberoid’s new Shield 
the made-to-order extra protection that 
pipelines need. 

Pipeline Shield made two three- 
ply premium felt impregnated with bitu- 
men. It’s extra tough and durable with- 
stand extremes abrasion and penetra- 
tion...to keep lines operating without 
costly interruptions for repair. 

Pipeline Shield easy apply right 
over the felt outer covering. Available 
lengths...in widths from 12” 116” 
fit any size pipe. One two man crews 
can quickly install with metal strap- 
ping. Seals (660 per 1000’) are just 
simple install. 


RUBEROID 


When laying pipelines through rocky 
areas underwater, give them that extra 
margin safety with Ruberoid Pipeline 
Shield. will mean extra years trouble- 
free performance extra tough areas. 


METHODS APPLICATION 


BUTT JOINT 
Recommended for 
underwater use. 


LAP JOINT 


Additional lap for top 
of pipeline available. 


500 FIFTH AVE., NEW YORK 36, 
National Distributor: Day Company, 1973 West Gray St., Houston 19, Texas 


“Serving All 
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Pittsburgh Section. Specifications 
and Testing Tank Linings, 
Cathcart, Tank Lining Corp. 
Mellon Institute, 

Philadelphia Section. Walter Luce, 
The Duriron Co. Poor Richard 
Club. 

Greater Boston Section. Specto- 
graphic Analysis Detect Corro- 
sion, Linwood Baird Asso- 
ciates. Election officers. Hotel 
Beaconsfield. 

Detroit Section. Demonstration and 
lecture microwaves, transistors 


and the solar battery, Herbert 
Michigan Bell Telephone 
Oo 


Kanawha Valley Section. Titanium 
—Fabrication and Corrosion Resist- 
ance, William Lusby, duPont 
Nemours Co., Inc. Topette 
Drive In, Route 60. 

Chicago Section. Value NACE 
Membership, Fair, Kop- 
pers Co., NACE 
dent. film laying water line 
Colorado will shown also. 

Cleveland Section. Epoxy Resin 
Coatings, Ralph Madison, Truscon 
Laboratories. 

Sabine-Neches Section. Importance 
Human Relations Industry. 
Little Mexico Restaurant, Orange, 
Texas. 

Central Oklahoma Section. 

date—North Texas Section, annual 
picnic. 

Lehigh Valley Section. Plant tour. 

June 

Central Oklahoma Section. 


Additional Lectures Given 
For Gordon Conference 


Discussions addition those pre- 
viously reported (Corrosion, March, 
1957 Page 136) held during the 
Gordon Research Conference Cor- 
rosion July 15-19 Colby Junior Col- 
lege, New London, are follows: 


July 16—Structure-Dependent Corrosion 
and Oxidation. Vermilyea, chair- 
man. 


Structural Relationships Oxide and 
Metal Oxidation, Lawless, 
University Virginia. 

Structural Factors Associated With the 
Oxidation High Purity Aluminum 
Water, Tragert, General 
Electric Co. 

Structure Dependent Oxidation Proc- 
esses, Earl Gulbransen, Westinghouse 
Electric Corp. 

July 17—Corrosion Water High 
chairman. 

The Proton and Aqueous Corrosion 
High Temperatures, Huddle, 
Atomic Energy Research Establish- 
ment, Harwell, England. 

Robertson, Yale University, 
chairman and Draley, Argonne 

Laboratory, vice-chairman the con- 
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the polar-type corrosion inhibitor 
Dowell, has proved its effectiveness 
hundreds wells. Now, different concept the use 
liquid inhibitors has been developed. this method, 
not merely put the well; pumped 
into the Then returns 


far, outstanding. The following 
case history example the results obtained with 


this new method. 


gas-lift well South Texas was producing 
BOPD and BWPD from the Frio sand. 
well was equipped with tubing 
production tubing. The 1-inch tubing extended 
depth 2001 feet; total depth the well 
was 5547 feet. packer was set 5482 feet. 
2468 feet, the tubing was swaged 
2-inch tubing. Severe corrosion was found 
the swage, 467 feet below the bottom 
the 1-inch tubing. was doubtful that 
applied the conventional 
would reach even the 1-inch 


was then into the formation. Ten 
concentrated 101 were mixed with 


1214 salt this one treatment, 


well has been analyzed several 


times. The following table shows the results. 


lron, 
Parts Per 
Date Million 

-56 132 
4-11-56 
4-17-56 
4-25-56 
5-14-56 


Remarks 


Just prior described treatment 
First test after treatment 

Second test after treatment 
Third test after treatment 

Fourth test after treatment 


Fifth test after treatment 
content reduced 83% 
this time 
Sixth test after treatment 
content still reduced 
72% compared that be- 
fore treatment 


Corban available both stick and liquid form, 
formula suited your well. Call any the 165 
Dowell offices the United States and Canada; 
Venezuela, contact United Oilwell Service. write 
Dowell Incorporated, Tulsa Oklahoma. 
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NEW 
CONCEPT 
CORROSION CONTROL 


For Oil and Gas Wells 
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Services for the oil industry 


SERVICE SUBSIDIARY THE DOW CHEMICAL COMPANY 
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NATIONAL, REGIONAL 
MEETINGS and 
SHORT COURSES 


1957 


May 20-22—Northeast Region Corrosion 
Control Conference, Syracuse Uni- 
versity, Syracuse, 


Oct. 1-4—North Central Region, Chi- 
cago, Sherman Hotel. Exhibition. 


Oct. 1-4—South Central Region, Okla- 
homa City, municipal auditorium, Ex- 
hibition, 


CORROSION—NATIONAL ASSOCIATION CORROSION ENGINEERS 


October 23-25—Western Region. Sev- 
enth Annual Conference, Grant 
Hotel, San Diego, Cal. 


Nov. 12-14—Northeast Region Fall 
meeting, Pittsburgh, Pa.. Penn-Shera- 
ton Hotel. 


1958 


Mar. Annual Conference, 
Auditorium, San Francisco, Cali- 
ornia, 


October 5-8—Northeast Region, Somer- 
set Hotel, Boston, Mass. 


October 20-24—South Central Region. 
New Orleans, Roosevelt Hotel. 


INTERNATIONAL 
PAINTS 


Gulf Stocks at: 


SAN ANTONIO MACHINE 
SUPPLY 
Harlingen, Texas 
Phone: GArfield 3-5330 
SAN ANTONIO MACHINE 
SUPPLY CO. 

Corpus Christi, Texas Phone: 2-6591 
TEXAS MARINE INDUSTRIAL 
SUPPLY CO. 

Houston, Texas 
Phone: WAlInut 6-1771 
TEXAS MARINE INDUSTRIAL 
SUPPLY 
Galveston, Texas----Phone: 5-8311 
MARINE PETROLEUM SUPPLY CO. 
Orange, Texas 
Phone: 8-4323—8-4324 
FUEL SUPPLY INC. 
Morgan City, Louisiana 
Phone: 5033—3811 
ROSS-WADICK SUPPLY COMPANY 
Harvey, Louisiana 
Phone: Flilmore 1-3433 
MOBILE SHIP CHANDLERY CO. 
Mobile, Alabama 
4 Phone: HEmlock 2-8583 
BERT LOWE SUPPLY CO. 


Tampa, Florida ----- Phone: 2-4278 


SS 


— 


International Paints 


were developed, each 

satisfy new and often 
unusual marine 

requirement 


Send for complimentary 
copy our recently re- 
vised booklet “The Paint- 
outline the latest ap- 
proved practices all 
marine maintenance. 


Paint Company, 


Offices: 


New York Y., West St., Phone: WHitehall 3-1188 
New Orleans 15, La., 628 Pleasant St., Phone: TWinbrook 1-4435 
So. San Francisco, Cal., So. Linden Ave., Phone: Plaza 6-1440 


1959 


NACE Annual Conference, Sherman Hotel, 
Chicago, 


SHORT COURSES 


June 6-7—Teche Section Short 
corrosion. Southwestern Louisiana 
Institute, Lafayette, La. 


October 22-23—Western Region. 
sion Control Course (Evening 

al. 


147 Brave Bad Weather 
Attend Okla. Univ. Course 


Bad weather failed daunt 147 pe:- 
sons who registered for the Fourth An- 
nual Corrosion Control Short Course 
held April 2-4 North Campus 
University Oklahoma. The 
and Central Oklahoma Section NAC} 
cooperated presenting the course. 

Storms and transportation delays dic 
not prevent registrants from attending 
from Casper, Wyoming; Chicago; 
Moines, Washington, and Beatrice. 
Neb. 

James, University Oklahoma, 
chairman the event reported the lec- 
tures well prepared and presented and 
the audience consistently attentive. Panel 
discussions were considered 
cessful. 


Kenneth McFarlandto Speak 
Oklahoma City Luncheon 


Kenneth McFarland, educator and 
nationally known speaker, who with 
General Motors Corp., will 
speaker the October South Central 
Region Annual Business Luncheon. Dr. 
McFarland, variously known “Amer- 
ica’s No. Air and 
“PhD with Horse Sense” because his 
activity raising Tennessee walking horses 
his farm near Topeka, Kansas, 
educational consultant General Motors. 

The luncheon will feature the 
1957 South Central Region meeting 
Oklahoma City. 

Dr. McFarland, graduate Pitts- 
burgh State College, Kansas, with 
master’s degree from Columbia and 
PhD education from Stanford Uni- 
speaker before business groups. 
said have addressed many impor- 
tant meetings educators any other 
American. 


NACE Editorial Review 
Committee Adds Members 


Seven members have been added 
the NACE Editorial Review Subcom- 
mittee, bringing the number now 
reviewing manuscripts submitted for 
publication Corrosion. expected 
several more members will added 
soon. 

New members the subcommittee 
are: Mark Adams, State College 
Washington, Pullman; Joseph Bigos, 
Steel Corp., Monroeville, Pa.; 
Frank Kulman, Consolidated Edison 
Co. Y., Inc., New York; Charles 
Nathan, The Texas Company, Hous- 
ton; Jane Rigo, American Steel 
Wire Co., Cleveland; Roebuck, 
Continental Oil Co., Ponca City, Okla.; 
Robert Woofter, Jones Laughlin 
Steel Corp., Pittsburgh, Pa. 
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more ‘Red Water’—thanks Threshold Treat- 
ment with the record this typi- 
cal community. 

When Calgon treatment was started, ‘Red 
Water’ stopped, and now everyone compliment- 
ing the water superintendent. 

Calgon very small amounts effective against 
‘Red Water’ because not only stabilizes iron and 
manganese dissolved water its source, but 
also prevents iron pickup from pipes. 

Calgon stops lime scale, too, forcing calcium 
carbonate and other scale-forming chemicals stay 


‘Red Water’ doesn't live here any more! 


solution, even when the water heated. Calgon 
used minute amounts, and the reduction 
lime scale means important savings keeping 
equipment and meters clean. 

Call Calgon for the economical solution 
your specific problem. Many years experience 
with water problems all kinds every part 
the country are your service. 


*Calgon the Registered Trade Mark Calgon, Inc. 
for its glassy phosphate (sodium hexametaphosphate) 
products. 


DIVISION HAGAN CHEMICALS CONTROLS, INC. 
HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 
DIVISIONS: CALGON COMPANY, HALL LABORATORIES 
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CORROSION—-NATIONAL ASSOCIATION CORROSION 


GINEERS 


Procedure the Selection Persons Receive the 
Willis Rodney Whitney and Frank Newman Speller Awards 


As Approved by the Board of Directors, De- 
cember 4, 1953, and Revised March 6, 1955. 


The board directors the National 
Association Corrosion Engineers 
regular meeting January 17, 1947 
authorized the presentation annually 
two awards the association. 

The Willis Rodney Whitney Award 
given recognition public contribu- 
tions the science corrosion. con- 
development new information the 
development more satisfactory 
theory which contributes more 
fundamental understanding corrosion 
phenomena. 

The Frank Newman Speller Award 
given recognition public contribu- 
tions corrosion engineering. 
tribution engineering defined 
the development improvement 
method, apparatus material which 
the control corrosion facilitated 
made less costly. 


Committee Appointment 


Not later than May 15th each year 
and preferably advance the annual 
conference, the president (or president- 
elect) for the year which the award 
made, consultation with the 
immediate past president for this same 
year, shall appoint awards committee. 
This committee shall consist least 
six members with the immediate past 
president the association (as referred 
above) serving chairman. the 
event the immediate 
should unable serve, the president 
(for the year the award made) 
shall appoint chairman, The other 
members the committee should 
outstanding members the association. 
least two but not more than four 
members the awards committee 
should re-appointed from the awards 
committee the preceding year. 
member shall serve the awards com- 
mittee for more than two years suc- 
cession. Any member who lost the 
committee through resignation for 
any other reason, shall replaced 
appointment the president the 

The chairman the awards com- 
mittee shall arrange keep reasonably 
detailed records the activities and dis- 
cussions the committee. These records 
shall made available succeeding 
awards committees. 


Candidates Considered 


The list candidates consid- 
ered for the awards shall include: 

The names those proposed but 
who did not receive awards the 
two immediately preceding years. 

The names all those proposed 
previous years who the judgment 
the committee members should 
retained the list regardless the 
year proposed. 

The names those proposed the 
chairmen the regional divisions 
accordance with the wishes the 
members the division. Nomina- 
tions may made local sections 
may proposed directly the 
chairman region individual 


NOTES FOR GUIDANCE 
AWARDS COMMITTEE 

The committee shall not recommend 
the same individual for both awards 
any one year. 

Previous recipient award not 
eligible receive the same award 
again. 

The recipient one award not 
barred from receiving the other 
award for some other year. 

considering the qualifications 
those nominated for awards, the 
nominee’s total contributions should 
taken into account and recent 
activities should not take precedence 
over the recognized results earlier 
work. Other things being equal, 
awards should made the can- 
didates who have been contributing 
consistently for the longest period. 

Candidates need not residents 
North 

Candidates need not members 
the National Association Corro- 
sion Engineers, 

Awards shall limited living 
persons. 

Recipients the Willis Rodney 
Whitney and the Frank Newman 
Speller Awards and the recipient 
recipients the Junior Award should 
guests the annual NACE 
banquet. 

The president and vice president 
the association and the chairman 
the awards committee should not 
considered candidates for awards. 


members. any case, nominations 
should accompanied appro- 
priate statement the basis the 
proposal. This statement shall re- 
produced and submitted all mem- 
bers the awards committee. The 
committee should have 
ment for all nominees 

Prior June each year the 
regional chairmen shall forward 
the chairman the awards commit- 
tee all names proposed for awards, 
accompanied each case sum- 
maries the reasons presented 
support each proposal but with 
indication the number duplicate 
nominations any individual, The 
object this latter provision 
insure that awards will made 
basis accomplishments and other 
qualifications rather than any 
semblance popular vote. 

Not later than April (or the 
publication date April issue 
each year the executive 
secretary shall notify the member- 
ship, either direct letter through 
privileges this regard set forth 
here. 

Any names proposed the mem- 
bers the committee prior June 
Ist each year. 

the discretion the committee 
members the resultant list candi- 
dates may reduced workable 
number elimination those 


known lack the necessary qualifi- 


Contributions Are Listed 

basis for further consideration 
the committee, the headquarters 
the association shall provide the com 
mittee, through its chairman, with 
record the contributions each fina 
candidate the form list his 
published papers and other works. Such 
records available the headquarters 
office may supplemented addi- 
tional information the candidates’ 
qualifications which may secured 
any member the committee from 
other sources, such friends the 
candidates and especially from the pro- 
posers the candidates who should 
asked provide their reasons for sug- 
gesting them and summary their 
accomplishments. Ordinarily, the candi- 
dates should not made aware that 
they are being considered for awards 
seeking such information from them 
directly. 

The required activity the headquar- 
ters staff should facilitated appro- 
priate use the literature abstract filing 
system. 

The list candidates about whom 
the headquarters staff provide the 
information described, should sent 
the chairman the committee the 
executive secretary the association 
and each member the committee 
not later than July 15th. 

The information provided 
the headquarters staff should sent 
the executive secretary the chair- 
man and each member the committee 
not later than September Ist. 

Information secured any member 
the committee concerning any candi- 
date candidates should sent the 
executive secretary not later than Au- 
gust 15th that can circulated 
amongst all the members the com- 
mittee not later than September Ist. 

Not later than October Ist, each mem- 
ber the committee shall submit the 
chairman and copy each member 
the committee, his first and second 
choice nominations for each award and 
shall provide with his nominations, his 
appraisal the qualifications those 
nominating and his reasons for 
preferring them. member the 
committee feels that award should 
given, should state October 
Ist. Failure nominate either 
second choice for either award will 
not relieve committee member the 
duty voting the nominations made 
others, voting that award 
made those nominated are not 
considered satisfactory. 

October and November 
15, the chairman shall arrange for 
election the committee those 
nominated for the awards. general 
rule, this should preceded meet- 
ing many the members the 
committee can assembled for first- 
hand discussion the qualifications 
the candidates, but, any event, the 
selection shall made letter ballot. 
decision can made the first 
ballot, then second ballot shall 

(Continued Page 121) 
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taken those who have received the 
niost and second most votes the first 
the event tie for first 
the first ballot, only those 
ames shall considered second 
Similarly, the event tie 
second place, these names, plus the 
place name, shall considered 

second ballot. the event person 

nominated for both awards, his vote 
one award shall not considered 
determining his standing the vote 

the other award. 

the committee should decide that 

those nominated are worthy 
awards, nominations are re- 
the committee may recommend 

the directors that one both awards 
withheld for reasons stated 
heir report the directors. 

Recommendations the committee 
hall reported the chairman 
committee the board directors 
hrough the executive secretary not later 
‘han December Ist. 

the event that the committee should 
unable reach decision candi- 
dates for either both awards, the 
shall provide the board with 
list all those proposed for con- 
sideration and the number votes re- 
ceived each the last ballot the 
members the committee. 

The board directors shall then de- 
letter ballot, returnable not later than 
December 15th each year, whether 
the recommendations the awards 
committee are accepted and the 
awards made proposed. the board 
directors not approve the grant- 
ing award, awards, proposed 
the awards committee, then such 
award, awards, will not made for 
the year question. the event that 
the awards committee has been unable 
reach decision candidates for 
one both awards, the board direc- 
tors shall determine majority vote 
whether award (or awards) shall 
made and whom (or they) shall 
granted. 

Presentation Awards 

After the board directors have 
chosen the recipients the awards, the 
president the association shall notify 
the recipients not later than January 
15th, and shall invite each them 
present the annual meeting 
other occasion when the awards are 
presented. The chairman the com- 
mittee shall arrange have appropriate 
certificates inscribed for presentation 
the recipients the awards and oc- 
casion any public presentation the 
awards shall present the recipients 
the president whoever may 
serving his stead chairman the 
meeting, receive the awards his 
hands. 

The actions the awards committee 
shall confidential and confined 
consideration only outlined the 
procedure until such time the presi- 
dent receives acceptance 
from the awardees following his notifi- 
cation them. After receiving accept- 
ance award awardee, the presi- 
dent shall notify the executive secre- 
tary who may publicize the information 
prior the actual presentation the 
award awards. 


The NACE Abstract Filing System 
used many organizations. 
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Recent photo- 
graph Standard 
Pipeprotection plant, 
showing increased 
facilities. 


Each successive year more pipe passes through the St. 
Louis Gateway, where Standard Pipeprotection 
coated and wrapped according procedures that estab- 
lish the highest standards quality for pipe protection. 


This increased traffic has necessitated the erection 
extra pipe storage areas with greater capacity, additional 
railway sidings, new coating and wrapping machines, 
much larger parking areas, more roads for truck deliv- 
eries and enlarged office space. 


The benefits you receive from SPI coated and wrapped 
pipe have resulted more business for us. 


pipeprotection inc. 
3000 SOUTH BRENTWOOD ST. LOUIS 17, MISSOURI 


THROUGH 
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This one way protect pipe lines 
from rust and corrosion 
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UNICOR, UOP’s oil soluble corrosion effective. There are important additional 
inhibitor, gives dependable protection savings, too, from reduced scraper clean- 
suprisingly little cost. Actually only one ing and filter replacement costs. 
molecule Unicor required for ever 
will glad have our technical Sit 
specialists assist you the design, in- 
Its cost only about $0.0005 per barrel 
stallation and operation Unicor 
product. 
system protection. 
It’s economical apply, too. Addition 
made only one point and since 
distributed evenly over the entire inter- UNICOR one number UOP 
nal surface, protection virtually 100% inhibitors and additives available the 
refining industry. you have protec- 


PRODUCTS DEPARTMENT 


tion preservation problem for product 
transport facilities consult us. 


UNIVERSAL PRODUCTS 


ALGONQUIN ROAD, DES PLAINES, ILLINOIS, 
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Acid Resisting Best 15-Year Tests 


such 
bove made Rem-Cru Titauium, Inc., Mid- 
Pa. are expected last long five 
environment which 18-8 stainless 
steel equivalents failed six months. 


THERMOWELLS, 


Titanium Thermowells 


Save $3000 Year 


Substitution titanium for 18-8 
-tainless steel thermowells exposed 
lilute nitric acid and nitrogen oxide 
400 estimated have saved 
duPont Nemours Co., Inc., 
much $3000 year. 

The titanium thermowells, costing 
versus the $95 for stainless steel 
equivalents have been service year 
with indication that there has been 
any corrosion. Stainless steel units 
the same service failed usually about 
every six months cost labor and 
lost production about $1500 for each 
failure. estimated the titanium 
units will last for about five years, 
which would mean saving the 
order $13,500 during their life versus 
the stainless steel. 

Using basis comparison estimat- 
ing material costs about per- 
cent finished unit, the cost differ- 
ential between titanium and Type 316 
stainless steel, for example, may 
little times although the material 
cost differential per pound 17. 


Four Atmospheric Test 
Sites Selected ASTM 


Sites Point Reyes, Cal., Kure 
C., State College, Pa. and 
Newark, have been selected for 
atmospheric exposure testing Com- 
mittee B-3 Corrosion Non-Fer- 
rous Metals and Alloys American 
Society for Testing Materials. deci- 
sion start new series tests 
include many the newer alloys and 
some metals such titanium was made 
during the February 4-8 ASMT Com- 
mittee Week Philadelphia. 

Plans call for removal specimens 
the end two, seven and 
years. 

eight year program calibrating 
various exposure sites North Amer- 
ica has been completed and 
published soon corrosivity the 
various locations. 

The committee continues collect 
data concerning salt fog and other ac- 
celerated tests. 


100% Electrical Inspection 
Assures Quality Tape 


instance which electrical in- 
spection dielectric material has 
moved inside and been made routine 
procedure revealed the Polyken 
Products Department the Kendall 
Co., Chicago. The calendered polyethyl- 
ene tape made Polyken inspected 
holiday detector developed for the 
company Tinker Rasor, San 
Gabriel, Cal. 

The front cover illustration this 
spark passing between electrodes this 
detector and through an_ intentional 
holiday the film made for the purpose 
taking the photograph. Ordinarily, 
holidays are detected single spark 
because the nature the pulse and 
speed with which the tape passes the 
inspection bar. 

Polyken’s justification for this inspec- 
tion seen recent which 
material has proved superior the 

eld. 

The holiday detector used was de- 
veloped specially provide inspection 
which would essentially the same 
that given the tape the field, after 
has been applied pipe. The machine 
designed continuously inspect and 
record the total number pinholes 
imperfections the material passes the 
electrode. The voltage generator pro- 
duces pulses very short duration be- 
cause the type energy produced has 
minimum stress effect the film and 
reduces the tendency the material 
break down later. 

The recording system indicates the 
total number spark discharges and 
remote signalling makes possible for 
the operator alerted each time 
spark discharged. oscilloscope 
permits operators observe the shape 
the electrical wave and camera 
records its shape for future reference. 

This electrical inspection one 
the many quality control procedures 
observed the company, including 
thickness control, temperature, tensile 
strength, tack, adhesion, elasticity and 
other physical characteristics. 


References 
. Paul Reed. Oil and Gas Journal. Page 70, 
Nov, 26, 1956. 
2. Donald M. Taylor, Petro. Eng. Page D-33, 
Nov., 56. 


The 10-Year Index Corrosion, pub- 
lished 1956, contains more than 4000 
reference phrases material issues 
published 1945-54 inclusive. 
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Panels Completely 
Covered Show 


Corrosion Damage 


The National Bureau Standards 
has recently completed 15-year 
weather exposure test porcelain- 
enameled steels. Since 1939, the Bureau 
has been conducting investigations 
the weather resistance such enamels 
exposing large number samples 
four climatic conditions, representa- 
tive different parts the eastern 
United States. The investigation was 
Harrison the Bureau’s enameled 
metals laboratory. 

Large variations were found the 
weather resistance the various 
enamel types investigated. The enamels 
affected least the exposure were 
those having high resistance acid 
attack. The most resistant enamels re- 
tained more than percent their 
initial gloss and showed insignificant 
color changes (less than NBS unit) 
while some the enamels poor acid 
resistance (which were not type 
recommended for outside exposure) 
changed from full gloss dull finish 
years. 

basic function the porcelain 
enamel prevent corrosion the 
base metal; hence, all the panels 
were inspected for evidence corro- 
sion the steel base. After years 
exposure was found that, where the 
initial coverage was complete all 
parts the panel, corrosion oc- 
curred regardless the type enamel 
applied. However, many panels the 
reverse side was protected with only 
single ground-coat application. these 
cases good coverage the metal was 
not always achieved, especially where 
the specimens had rested support 
points during firing. Corrosion started 
these points poor coverage and 
spalling the enamel the face side 
the poitns occurred after the 
corrosion had progressed only part way 
through the steel. These spalled areas 
were more prevalent under the corro- 
sive conditions Atlantic 
City than three other locations. 

Weather resistance the enamel 
surface was evaluated measuring the 
changes the specular gloss and 
the color. Such measurements showed 
that variations climate had only 
minor effect the weathering behavior 
most the enamels. The same meas- 
urements showed that, the average, 
the compositions that were highly re- 
sistant attack acid solutions were 
also resistant the action weather- 
ing. 

The four selected sites all have fairly 
high annual rainfalls. Since weathering 
action dependent moisture, surface 
deterioration would expected pro- 
ceed slower rate dry climate 

(Continued Page 124) 
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STAINLESS STEEL SCREWS with integral neoprene washers were used fasten million square 

feet aluminum alloy corrugated sheets roof these World War hangars Naval 

Air Station, Lakehurst, The fasteners, made Townsend Co., New Brighton, Pa. helped 

solve costly maintenance problem providing roof designed withstand 120-mile winds; 

resist salt spray, give water-tight seal and guarantee high tear point. Successful use the 

fasteners expected result the addition aluminum roofs blimp hangars through- 
out the nation. 


Extensive Air Pollution Data Are Presented 
Los Angles Meeting APCA Section 


Extensive technical data air pollu- 
tion and its control were presented dur- 
ing the First Technical Meeting the 
West Coast Section, Air Polution Con- 
trol Association, Los Angeles, March 
25-26. Among the technical papers pre- 
sented were: 


Air Pollution Problems Arising from 
Usage Liquid and Gaseous Hydro- 
carbons, Hoyt Crabaugh, Los An- 
geles County Air Pollution Control 
District. 

Significance Contaminants From Cen- 
tral Station Power Plants, Albert 
Chaney, Chaney Laboratories. 

Problem Sulfur Residual Fuels, 
Gerald Fisher, Western Oil and Gas 

Removal Particulate and Gaseous 
Contaminants from Power Plant Flue 
Gases, Arie Hagen-Smid, Califor- 
nia Institute Technology. 

Effects Design Factors Stack 
Emissions from Multiple-Chamber 
Incinerators, Ralph George, Los 
Angeles County Air Pollution Con- 
trol District. 

The Organic Solvent Problem Air 
Pollution, Carl Kaner, Los Angeles 
APCD. 

Oxidant Forming Characteristics Or- 
ganic Solvents, Margaret Fox, Los 
Angeles APCD. 

Control Organic Solvent Emissions 
from Industrial Processes Cata- 
lytic Adsorption, Morgan, 
Union Carbide and Carbon Corp. 

Control Organic Solvent Emissions 
from Industrial Processes Cata- 
lytic Combustion, Bert Gamble, 
Continental Can Co. 

Motor Exhaust Composition Rela- 
tion Selected Fuels, Leslie 
Chambers and Paul Mader, Los 
Angeles APCD. 


Direct Fired Afterburning Mufflers, 
George Mead, Clayton Manufac- 
turing Co. 

Numerous panel discussions the 
areas represented the technical pa- 
pers also were held. 


ASTM Adopts New Method 
Air Sample Recording 


Methods continuously recording 
air pollution were considered Amer- 
ican Society for Testing Material’s 
Committee D-22 Methods for At- 
mospheric Sampling and Analysis dur- 
ing February Committee Week sessions 
Philadelphia. The committee ap- 
proved alternate method for continu- 
ous recording sulfur dioxide known 
the electrolytic method added 
the conductivity method already pub- 
lished (ASTM Method D1355). 


method continuous recording 
fluorides under study. 


High School Chemistry 


Teachers Have Paint Course 


“Paint Short Course for High 
School Chemistry Teachers” will 
conducted June 25-July North 
Dakota State College, Fargo. Sponsored 
the Federation Paint and Var- 
nish Production Clubs, designed 
assist high school chemistry teachers 
interesting their students the 
paint industry. Each the Federation’s 
clubs will select teacher attend the 
session conducted Wouter 
Bosch, Chairman the Dept. Paints, 
Varnishes and Lacquers NDSC. All 
fees are underwritten the federation. 


Vol. 


Lectures for June 4-6 
Appalachian Short 
Course Are Listed 


Programmed lectures the Second 
Appalachian Underground Corrosion 
Short Course given June 4-6 
Mineral Industries Building, West Vir- 
ginia University, Morgantown are 
follows: 


Tuesday, June 
Koehler staff, West Virginia 
University. 
Visual Demonstration 
Corrosion and Cathodic Protec- 


Wednesday, June 

Demonstration the Theory Ca- 
thodic Protection, Kretschmer, 
Columbia Gas System Service Corp. 

Application Cathodic Protection, 
Tefankjian, Texas Eastern Trans- 
mission Corp. 

Coal Tar Coatings, Malcolm Mitchell, 
Reilly Tar Chemical Co. 

Rectifier Installations and Protection, 
McCormick, Baltimore Gas and 
Electric Co. 

Fundamental Analysis Stray Current 
Corrosion, Percy Hort, Atlantic Pipe 
Line Co. 

Intermediate Analysis Stray Current 
Corrosion, Watson, Socony 
Mobil Oil Co. 

Asphalt Coatings, Burns, Kerr- 
McGee Oil Industries, Inc. 

Grounding and Bonding Electric 
Utility System, Spooner, Pub- 
lic Service Electric and Gas Co. 

Cathodic Protection Well Casing, 
Titterington, Corrosion Services, 
Inc. 

(Continued Page 126) 


Acid Resisting— 
(Continued From Page 123) 


than Washington, Lakeland, St. Louis, 
Atlantic City. Likewise, area 
extremely heavy rainfall, the weath- 
ering action would undoubtedly ac- 
celerated. 

Among the recommendations based 
upon the findings this investigation, 
the one that may prove great- 
est usefulness for specification purposes 
states that, for architectural installa- 
tions where general appearance, absence 
fading, and ease cleaning are im- 
portant, only those enamels having class 
class acid resistance the 
standard citric acid spot test’ should 
used. addition, for enamels contain- 
ing the 
ment (red, orange, and yellow), only 
those compositions should 
that will give weight loss less than 
1.0 when subjected boiling 
solution percent nitric acid for 
hours. 

For further technical information, see 
“Fifteen-year Exposure Test Porce- 
Harrison, Building Materials 
and Structures Report the National 
Bureau Standards (in press). For 
earlier reports the same investigation 
see Res. NBS, 42, (1949) (RP 1949) 
and 28, 735 (1942) (RP 1476). 


1. Test for Acid Resistance of Porcelain Enam- 
els; Part I-Flatware. Issued by the Porce- 
lain Enamel Institute, 1145 19th Street, 
N. W., Washington 6, D. C. 
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Corexit 
Reduces Your Lifting Costs 
Preventing Sub-surface Corrosion 


Corexit treatments protect sucker rods and tubing against corrosion 

and hydrogen embrittlement, even sour crude wells. Batched down 

the annulus, Corexit works rapidly clean your sub-surface equip- 

ment, displace corrosive brine and loose scale from the metal surfaces. 

Then builds tenacious and durable protective film these cleaned 

metal surfaces prevent further corrosion. Following the initial treat- HUMBLE 
ment, the use small amount Corexit daily will maintain this tough 


protective film. 
Consequently, you will find lifting costs lower, because Corexit 


prolongs the life your equipment, and reduces the number well 
s 
pulling jobs. Technical Service 


For complete information call your nearest Humble Sales Department 
wholesale plant Texas and New Mexico, write phone: Humble Oil Refining Company 


HUMBLE OIL REFINING COMPANY Houston, Texas 
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Cathodic Protection 
Principal Subject 
Israel Meeting Series 


series weekly meetings during 
February and March Tel Aviv, Israel 
attracted between 100 and 200 persons, 
cross section industry, water works, 
telephone, electrical power and agricul- 
tural representatives. Spector, Nace 
Member and chairman the Corro- 
sion Group reported papers given 
follows: 


Principles Cathodic Protection, 
Spector. 

Measurements Corrosion Surveys, 
Berger. 
Interference Between Protected and 
Unprotected Structures, Tuwal. 
Current Requirements for Cathodic 
Protection, Agew. 

Sources Current for Cathodic Pro- 
tection, Bargil. 

Internal Corrosion Water Mains, 
Carmon. 

Pipe Coating and Its Relation Ca- 
thodic Protection, Hershkowitz. 


The 10-Year Index pub- 
lished 1956, contains more than 4000 
reference phrases material issue 
published 1945-54 inclusive. 

Organizations corrosion engineers 
have been founded England, France, 
Germany, Italy, Australia, and Japan 
since NACE was established. 


POSITIONS WANTED 
and 
AVAILABLE 


Active and Junior NACE members and 


Companies seeking employees may run 
without charge two consecutive advertise- 
ments annually under this heading, not 
over words set point text type. 

@ Advertisements to other specifications will 
charged for $10 column inch. 


Positions Available 


mum requirements: degree, years’ 
experience design corrosion con- 
trol systems for pipe lines, refineries, 
marine installations and water systems. 
tion large service organization. COR- 
ROSION, Box 57-7. 


Positions Wanted 


Corrosion Engineer and Metallurgist— 
years’ diversified experience steel 
and chemical industry. 
cludes production, sales and consulting 
phases engineering work. Prefer tech- 
nical field contact work staff position 
with opportunity for advancement. Will 
consider any CORROSION, 


Corrosion Engineer, English, years 
Cathodic Protection including overseas 
experience. progressive position 
anywhere Canada America. Avail- 
able June. CORROSION, Box 57-6. 


ASSOCIATION CORROSION ENGINEERS 


Corrosion National 
Task, Spector. 


Discussions involved emphasis co- 
operative cathodic protection and hot 
spot protection old, poorly coated 
lines. 

The group expects start commit- 
tee work specific tasks along the 
lines used NACE technical commit- 
tees. 


Armour Foundation Reports 
Studies Corrosion 


Investigations significant corrosion 
workers are reported the 1956 An- 
nual Report the Armour Research 
Foundation the Institute 
Technology, Chicago follows: 


Ceramics—The “Solution Ceramics” 
process has been licensed the Tita- 
nium Alloy Division National Lead 
Co. The “Flame Ceramics” process 
has been licensed Continental Coat- 
ings Corp. study underway 
the feasibility coating carbon and 
graphite with ceramics used high 
temperatures. 

Air Pollution Study—An air pollutant 
was identified near Chicago that had 
been damaging auto finishes and the 
situation remedied. 

Stainless Steel—A fundamental study 
pitting corrosion chloride solutions 
under way. New alloy compositions 
resistant sea water are sought. 

Tin Plate—Fundamental investigation 
tin plate corrosion food under 

treatments 
magnesium designed improve paint 
adhesion are being investigated. 

Hydrogen mech- 
anism hydrogen embrittlement 
under investigation. 

Titanium Steel—A means roll 
cladding titanium steel being 
probed. 

Vanadium al- 
loys for use nuclear reactors are 
being surveyed and tested. 

Cladding Brazing—Titanium and 
zirconium have been brazed success- 
fully steel the patented vacuum 
brazing process developed the 
Chicago Bridge and Iron Company. 


Rensselaer Institute 
Starts Corrosion Course 


Rensselaer Polytechnic Institute, 
Troy, effective with the spring 
term starts corrosion course designed 
give the student understanding 
the principles corrosion. This 
accomplished developing unified 
treatment the fundamentals elec- 
trochemistry, surfaces and metallurgy 
and examination corrosion types 
through generalized treatment 
observed phenomena. 

Discussion environmental factors 
follows, with testing procedures, field 
investigations, materials and means 
protecting them order. 


Lectures For— 


(Continued From Page 124) 


Field Practices 
Electrical Measurements, 


Fundamental 


ated With 


West, Standard Oil Co. (Ohio) 
Electrochemical Prinicples, Rut- 

ter, Equitable Gas Co. Waxes, Ted 

Kennedy, Jr., Trenton Corp. 


Vol. 


Theoretical and Fundamental 
erations for Control Corrosion 
Underground Lead Cables, 
Compton, Bell Telephone Laborat: 
ries. 

Steel Pipe Underground Service, 
Schwamb, Armco Drainage 
Metal Products Co. 

Electrolysis Reverse Current 
Keller, Atlantic Pipe Line 

Atlantic Pipe Line Co. 

Snashall, Ohio Fuel Gas Co. 

Coal Tar Tapes, Casey, The Tape- 
coat Co, 

Inherent Kesistance Cast Iron 
Corrosion, Thomas Wolfe, Cas 
Iron Pipe Research Association. 

Plastic Pipe, Don Moritz, Plastic 
Div., Rubber Co. 

Corrosion Control for Gas Distributior 
Smith Engineering Co. 


Thursday, June 

Expendable Anode Fundamentals, 
Reichard, Consultant, Holmdel, 

Expendable Anode Application, 
McGinnis, Standard Magnesium Corp. 

Pressure Sensitive Tapes, Bender, 
Plastic Engineering Sales Corp. 

Practical Aspects Corrosion Survey 
Underground Lead Cables, 
Fouts, Koppers Co. 

Asbestos Cement Pipe, McKay, 
Pipe Division, Johns-Manville Corp. 
Coal Mine Corrosion Problems, 
Gleim, Former Chief, Branch Elec- 
trical-Mechanical Testing, Bu- 

reau Mines, Pittsburgh. 

Tar Epoxy Coating, Charlton, 
Koppers Co., Inc. 

Corrosion Control for Construction Per- 
sonnel, Curley, Royston Lab- 
oratories, Inc. 

Rectifier Units for Cathodic Protection, 
Husock, Harco Corp. 

Coatings Round Table, Schauers 
and instructors other classes 
subject. 

Practical Considerations the Design 
Corrosion Mitigation for Under- 
ground Lead Cables, Fouts. 

Effect Water Quality the Internal 
Corrosion Pipe Lines, John 
Kleber, Calgon Co. 


Thursday, June 
The following field demonstrations 
are scheduled: 


Soil Resistivity Survey, Stone- 
king, Hope Natural Gas Co. 

Pipe-to-Soil Potentials Survey, 
Gibson, Peoples Natural Gas Co. 

Line Current Measurements, Pepper, 
Tuscarora Pipe Line Co., Ltd. 

Magnesium Anode Installation, 
Keener, Manufacturers Light and 
Heat Co. 

Cathodic Protection With Rectifier, 
Hoy, New York State Natural 
Gas Co. 

Other Underground Structures, 
Kuech, Bell Telephone Co. Penn- 
sylvania. 


Costanzo, Manufacturers Light 
and Heat Co., Pittsburgh 
chairman the course. Fair, Jr., 
Tar Products Div., The Koppers Co., 
Inc. will make address the morn- 
ing the opening day. 

the lobby Reynolds Hall and the 
Field House. The enrollment fee $10 
covers all charges except room and 
board. copy the proceedings will 
supplied each registrant. 
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European Federation 
Corrosion Meets May '58 


Second Congress the Euro- 
Federation Corrosion will 
Frankfurt Main during the 
May 3-June 1958 European Congress 
Chemical Engineering. 16-page 
describing the latter meeting 
been published five languages, 

‘luding English and may obtained 
Dechema, Frankfurt Main 


Atmospheric Tests 
Platings Planned ASTM 


atmospheric exposure program 
tailing plating variations copper, 
ckel and chromium plating various 
uminum alloys and steel panels has 
outlined Committee B-8 
lectrodeposited Metal Coatings 
Society for Testing Materials. 
report the summary tests 
‘ganic coatings used chromium 
ated surfaces expected pub- 
shed 1957. 


ASTM Meets June 


The annual meeting and exhibit 
\merican Society for Testing Materi- 
scheduled for June 22-28 Hotel 
Statler, Boston, Mass. 


BOOK NEWS 


Metallurgie—Aide-Memoire Dunod. Vol. 
66th Edition. (In French) 202 pages 
plus 64, 334 inches, cloth. 
Cazaud. Published Dunod, 
Rue Bonaparte 6e, Paris, France. Per 
copy, Francs, 480. 

handbook for use 
foundries and machine shops, Chapter 
the section testing devoted 
corrosion, This section briefly 
influence surface state, classification 
tests, methods tests, immersion, 
drop tests and special tests stainless 
material. 

Methods measuring corrosion de- 
scribed include visual, weight, mechani- 
cal and tension. 

portion devoted coatings con- 
siders metallic and non-metallic mate- 

single reference this chapter 
Metallurgie published April, 1935. 


Theories and Methods Testing for 
USSR Academy Sciences. (In 
French) 607 pages, inches, 
cloth, 1957; Dunod, 92, Rue Bonaparte 
(6) Paris, France. Per copy, 5900 

This translation the well-known 

Russian work Akimov. Among 

other things includes discussions 

chemical corrosion and formation 
protective coatings; electrochemical 
theories corrosion; study elec- 
trode potentials, study the develop- 
ment various kinds corrosion, fac- 
tors determining corrosion, corrosion 
indicators, theories concerning cathodic 
protection and depolarization oxygen, 
experimental studies cathodic pro- 
tection different metals. 

The book, which has 388 figures, 
likely have much valuable basic in- 
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formation for persons sufficiently fluent 
French use the text. 

Chapter this book was published 
November and December, 1955. 


Practice Magnetic Particle Inspec- 
tion. (In French) Muller, 
Siemens-Walske. 169 pages, 
inches, paper. 1957. Dunod, 92, Rue 
Bonaparte (6), Paris, France. Per 
copy, 1880 

This French translation German 
work includes five chapters follows: 
1—Principles, covering field mag- 
netism and its production; use mag- 
netic powders and sensitivity detect- 
ing defects. 2—Examples application 
and apparatus, covering the methods 
which various kinds parts are exam- 
ined. 3—Demagnetization. 4—Considera- 
tions cost. 5—Bibliography. 
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Unalloyed Ferritic Cast 
Found Superior Tests 


Unalloyed ferritic nodular cast iron 
has proved far superior thermal shock 
resistance any gray irons tested 
research project sponsored the 
American Society for Testing Materials 
—American Society Metallurgical 
Engineers Joint Committee the Ef- 
fect Temperature the Properties 
Metals. progress report the re- 
search, being conducted Kat- 
tus, head the Metallurgy Section, 
Southern Research Institute gives some 
the data derived from the investiga- 
tion, which began 1954. 


Creep-rupture and thermal shock 
tests are being made 800 and 1000 
seven alloys for times 5000 
hours. 


engineer inspects control panel for cathodic 
protecting clarifiers Louisville Water Co., Louisville, Ky. 


stops corrosion lowest overall cost 


Electro Rust-Proofing Cathodic Protection used the Louis- 
ville Water Company prevent corrosion metal underwater equip- 


ment the raw water 


Cathodic protection the one method able reduce corrosion 
underwater metal virtually zero. Electro Rust-Proofing Cathodic 
Systems are designed provide the sole protection submerged 
structures supplement good protective coating. When used 
conjunction with protection eliminates corrosion due 
holidays inherent breaks coatings such can occur many 


inaccessible structural joints. 


Electro Rust-Proofing designs every cathodic system individually 
that maximum protection given for the lowest operating cost. For 
information about E.R.P. Cathodic Protection, write for Bulletin 


SUBSIDIARY WALLACE TIERNAN INC 
MAIN STREET. BELLEVILLE 9.NEW JERSEY 


| 
utior 
3 
| 


Fluoroflex-T, laminated 
manufactured Resistoflex Corp., 
bulletin available from the company 
request. 
6 

Castor Engineering Co., Inc. Arch St. 
Extension, Box 446, Carnegie, 
Pa. reclaiming germanium, platinum, 
gold, molybdenum, nickel and copper 
from various types processing scrap 
charge based the percentage 
salvage value. Two-pound samples will 
evaluated the company deter- 
mine whether not the recovery proc- 
ess will show economic advantage 
over other scrap disposal methods. 


e 
DuPont Company will build Ecorse, 
Mich. the Detroit River modern 
sulfuric acid plant replacing existing 
unit which has become obsolete. 

e 
Rectifiers for impressed current will 
designed, made and marketed Elec- 
tronics International, Inc., corporation 
recently organized Wayne John- 


TECHNICAL 
REPORTS 


PIPE LINE CORROSION 


T-2 Statement on Minimum Require- 

ments for Protection of Buried Pipe 
Lines. Prepared by a Special Task Group of 
NACE Technical Group Committee T-2 on 
Pipe Line Corrosion. Publication No. 56-15. 


Per Copy $.50. 
TP-2 First Interim Report on Galvanic 
Anode Tests. (Pub. 50-2) NACE 
members, $3; Non-members, $5 Per Copy. 
T-2B Final Report on Four Annual Anode 
Inspections. A Report of Technical 
Unit Committee T-2B on Anodes for Im- 
pressed Current. Publication 56-1. Per Copy 
$1.00. 
T-2B Use of High Silicon Cast Iron for 
Anodes. First Interim Report of Unit 
Committee T-2B on Anodes for Impressed 
Current. Publication No. 57-4. Per Copy $.50. 
T-2C Some Observations of Cathodic Pro- 
tection Potential Criteria in Local- 
ized Pitting. Report T-2C Minimum 
Current Requirements for Cathodic Protec- 
Pub. 54-2. Per Copy $.50. 
T-2G Tentative Recommended Specifica- 
tions and Practices for Coal Tar 
Coatings for Underground Use. A Report of 
Technical Unit Committee T-2G on Coal Tar 
Coatings for Underground Use. Per Copy $.50. 
TP-3 First Interim Reports on Ground 
Anode Tests. (Pub. 50-1) NACE 
members, $3; Non-members, $5 Per Copy. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bidg.. Houston, Texas. Add 65c per package to 
the prices given above for Book Post Re ry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


son, president; Ted Riseling, vice-presi- 
dent and Reynolds, vice-president 
and secretary. The plant located 
5310 Ashbrook St., Houston. 

Hyperthane, urethane coatings marketed 
Kansas Paint Color Co., 132 North 
Mosley, Wichita Kansas are supplied 
one component packages which re- 
quire baking above 285 two 
component systems which may 
dried baked. They may applied 
spray. brush, roller dipping. 

Tufline stainless steel plug valves made 
Continental Manufacturing Co., 247 
Park Ave., New York 17, have 
Teflon sleeves which eliminate lubrica- 
tion. The valves are recommended for 
liquid and gaseous corrosives, solvent 
and slurry services and for other services 
where standard valves will 
owing mechanical interference from 

Mobile Drilling, Inc., Indianapolis, Ind. 
has purchased the Buda 
Division Allis-Chalmers Mfg. Co. 


Polyvinylchloride Globe Valves, claimed 
the first with full flow passage are 
being made Walworth Co., East 
42nd St., New York, 

Titanium Wire Cloth available now 
production basis from Cambridge 
Wire Cloth Co., Cambridge, Md. 

Rhodium Electroplates least twice 
the thickness formerly possible with con- 
ventional formulations now 
obtained with Sel-Rex Rhodex, prod- 
uct Sel-Rex Corp., Newark, 


Babcock and Wilcox 
search center Alliance, Ohio will 
increased size 15,700 square feet. 


Garlock Packing Co., Palmyra, 
has integrated sales forces with United 
States Gasket Co., Camden, which 
will known United Gasket Com- 
pany, Plastics Division The Garlock 
Packing Co. 

Unitrace, Alcoa’s steam-traced piping 
has been redesigned with cross-section 
matching standard pipe sizes. 

Carbon and synthetic 
trodes, anodes and other carbon and 
graphite products will produced 
Lancaster, Cal. plant Crescent Car- 
bon Co., subsidiary Crescent Cor- 
poration, Tulsa. 

Kel-F’s chemical and manufacturing 
business has been purchased from 
Kellogg Co., subsidiary Pullman, 
Inc. Minnesota Mining Mfg. Co. 
The sale will not affect Kellogg’s petro- 
leum research lab- 
oratories and other manufacturing ac- 
tivities Jersey City. 

Magnesium-Silicide Type Aluminum 
Alloys are now being used make No. 
porcelain enameling sheet and No. 
and porcelain enamel extruded shapes. 
The new alloys are said Alcoa 


have uniform behavior throughout tlie 
enameling process. 

Metallic Coatings Co. and General 
blasting Co., 1355 West St., Long 
Beach 13, Cal. have equipment for sand- 
blasting large shapes and spraying and 
painting exterior and interior surfaces 
including pipe sizes from 3-inch diam- 
eter feet long. 


Robertshaw-Fulton Controls Co. plans 
build $250,000 Western Research 
Center with 15,000 square feet 
space. 

Fulton-Sylphon Division, Robertshaw- 
Fulton Controls Co., Box 400, Knox 
ville Tenn. making all-metal actu- 
ators for control valves for use corro- 
sive conditions. They have stainless 
steel bellows and stem and cadmium 
plated steel frame. 


Spectrochemical Analysis, 28-page 
pamphlet describing fundamentals 
spectrochemical analysis available 
without charge from Information 
ice, Jarrell-Ash Co., Farwell St., New- 
tonville 60, Mass. 


Silastic 960, silicone rubber developed 
Dow-Corning Corp. tensile 
strength the range 1500 psi, tear 
strength approximately 200 ppi, elonga- 
tion over 500 percent and hardness rating 
Useful temperature range from —130 
over 500 


Pacific Marine Supply Co., 1213 West- 
ern Ave., Seattle, Wash. has been named 
distributor International Paint Co. 
(California) Inc., paints the Seattle 
port area. 


X-Tru-Coat, plastic coated steel pipe and 
tubing made Republic Steel, 3100 East 
45th St., Cleveland 27, Ohio described 
folder available from the company. 
Polyethylene hot extruded over spe- 
cially developed elastic adhesive coating 
pipe. The resulting coating tena- 
ceous and free from holidays, the com- 
pany says. Pipe coated may bent 
without affecting the coating’s integrity. 
Field joints can covered with pres- 
sure sensitive tape. 


Price Co., Box 1111, Bartlesville, 
Okla. has developed the “Price-O-Matic 
Pipe-welder” which makes double-joint- 
ing automatic. The company reports 
x-ray and other tests have shown the 
quality the welds consistently good 
field 


Cathodic Protection Rectifier Equip- 
ment, 32-page and cover brochure pub- 
lished Standard Telephones and 
Cables, Ltd., Rectifier Div., Edinburgh 
Way, Harlow, Essex, England, gives 
brief description electrochemical cor- 
rosion processes and cathodic protection. 
The principal characteristics the com- 
pany’s rectifiers are described and illus- 
trated. 


(Continued Page 130) 
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lation designed, installed, 
checked CPS. The 
installation required 10,000 an- 
odes for this city gas distribu- 
tion system. The choice was 
Dow GALVOMAG GALVO-PAK 
and CPS. 


The economical, efficient way provide the 
necessary protective current for your underground 
piping system select from CPS the proper Dow 
anode use preferably Galvomag. Experience 
has shown that approximately 25% additional output 
obtained from Galvomag over alloyed anodes. This 
means that Galvomag anodes can the work 
alloy anodes. This usually without shortened 


GENERAL NEWS 129 


life since the average anode installed soils where 
there longer straight line relationship between 
current output and calculated projected life. Stocked 
full range sizes CPS warehouses, along with 
other first line cathodic protection material, Dow 
anodes can supplied individual purchase for 
installation either your own personnel 
experienced CPS crew. 


solve your corrosion problems quickly and efficiently, 
telephone write the CPS office nearest you. 


service 


Everything the cathodic protec- 
tion field from insulating 
installation. 


protection 


Box 6387 


CORPUS CHRISTI 
1522 South Staples 
TUlip 3-7264 
TULSA 
4142 Peoria 
Riverside 2-7393 


DENVER 
(Golden) Box 291 
CRestview 9-2215 


NEW ORLEANS 
1627 Felicity 
CAnal 7316 


Houston Texas JAckson 2-5171 


Vol. May, 1957 
1: 
: 
| 


130 


NEW 


(Continued From Page 128) 


High Purity Vanadium and new group 
refractory metal compounds including 
chromium carbide, vanadium carbide, 
molybdenum disilicide and silicon nitride 
together with associated metal chemi- 
cals recently were exhibited Electro 
Metallurgical Co., Division Union 
Carbide and Carbon Corp. 

Polymerized Silicate being pro- 
duced Monsanto Chemical Company’s 


TECHNICAL 
REPORTS 

MARINE COATINGS 


Suggested Coating Specifications 
for Hot Application of Coal Tar 
Enamel for Marine Environment. A Report of 
NACE Technical Unit Committee T-1M on 
Corrosion Oil Gas Well Producing 
Equipment in Offshore Installations. Publica- 


tion No. 57-8. Per Copy $.50 

T-1M Suggested Painting Specifications 
for Marine Coatings. A Report of 

NACE Technical Unit Committee T-1M 

Corrosion of Oil & Gas Well Producing Equip- 

ment in Offshore Installations. Publication 

No. 57-7. Per Copy $.50 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
idg.. Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


1061 Bldg. Houston Texas 
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Inorganic Chemicals Div. plant Ever- 
ett, Mass. The material suitable 
binder for high temperature refractories 
and for application stone ceramic 
surfaces retard weathering, among 
other uses. 

Boilers can supplied with preheated, 
non-corrosive feedwater from new 
packaged feedwater unit offered 
Stickle Steam Specialties Co., 2215 Val- 
ley Ave., Indianapolis 18, Ind. 
described Bulletin 117-A. 


Labline ultrasonic cleaners for labora- 
tory use are now available from Labline, 
Inc., 3070-82 West Grand Ave., Chicago 
22, Ill. The units are described Bulle- 
tin No. 9200. 

American Smelting and Refining Co. 
expanding its central non-ferrous metal 
Research Laboratories South Plain- 
field, one-third. The new lab- 
oratories will devoted asbestos 
application and process research for 
Asarco’s subsidiary, Lake Asbestos, 
Quebec, Ltd. and for research 


tory metals. 


Reilly Chemical Edition, 
available from Reilly Tar Chemical 
Corp., Merchants Bank Bldg., Indian- 
apolis Ind. contains short descrip- 
tion all the chemicals made the 
company. includes eight new com- 
pounds developed during 1956. 


Kaiser Aluminum Chemical Corp. 
enlarging 21,600 square feet its Wana- 
tah, Indiana aluminum food container 
plant. 

Pliohard, synthetic rubber enamel 
protect the finish hydraulically oper- 
ated equipment available from Saran 
Protective Coatings Co., 2415 Burdette 
Ave., Ferndale 20, Mich. The material, 
made from styrene butadiene resins, air 
dries dust free minutes metal 
and non-metallic surfaces. thermo- 
plastic and non-oxidizing with 
upper temperature limit 250 


MEANS MORE 


for your 


coating and wrapping 
MONEY 


from 


Tel. 
566 


HOUSTON, TEXAS 


Vol. 


DuPont has started construction 
fifth laboratory building the Chestnut 
Run center for sales services research 
near Wilmington. will conduct cus- 
tomer service and development work 
titanium, silicon, pigments, sodium, per 
oxygen, chlorine, vinyl and related prod. 
fields. Its cost will about mil 
10n. 


Associated Spring Corp., Bristol, Conn 
establishing new research center 
its Bristol headquarters, more thar 
doubling facilities and staff. 
Smith, formerly manager the genera 
research laboratory Underwood Corp. 
Hartford, Conn. will charge 
new center assistant director re- 
search. 

Carpenter Steel Co., 372 West Bern St., 
Reading, Pa. has published 20-page 
booklet giving the engineering proper- 
ties and fabrication characteristics ten 
high-strength alloys for high tempera- 
ture service. 

Neptune Meter Co., West 50th St., 
New York 20, has developed 
meter made Type 316 stainless steel 
with only one moving part exposed 
liquid. measures the liquids inside the 
pipe. 


Allegheny Ludlum Steel Corp. will cen- 
tralize research facilities Bracken- 
ridge, Pa. site when three build- 
ings, two laboratory buildings and 
administration building, have been com- 
pleted. Two buildings already are the 
site. 


Alloy Surfaces Co., 103 South Justison 
St., Wilmington Del. has developed 
method diffusion coating ordinary 
steels with 430 stainless steel. The proc- 
ess adaptable finished and unfin- 
ished products and produces coating 
which integral with the basis metal. 
Surface hardness 70-72 also 
can given medium and high carbon 
steels. 


Fred Koelble staff assistant for 
Pennsalt Chemicals’ Corrosion Engi- 
neering Products Department. 

Carl Schmitz has been named execu- 
tive vice president Crane Packing 
Company. NACE member. 

Lowenheim has been appointed 
technical advisor the vice president 
Research and Development Metal 
Couch has been made manager Elec- 
trochemical Research and Carl Glos- 
key has been appointed manager the 
company’s recently formed Process De- 
velopment Division. 

John Chase, member NACE died 
his home LaJolla, Cal. February 

Sangwine has been made manager 
Kaiser Aluminum Chemical Corp. 
$70 million alumina and caustic chlorine 
facilities now under construction near 
Gramercy, La. the Mississippi River. 

Charles Bradley, for years director 
publicity for Oakite Products, Inc., 
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retired from active duty with the 
company. 

Constantino has joined the chem- 
department Water Service Lab- 
Inc., 423 West 126th St., New 
) ork, N. . 

Anderson has opened con- 
metallurgical engineering offices 

7738 Park Place Blvd., Houston. 

Max Swerdlow, research physicist with 
National Bureau Standards has 
chosen president elect the Elec- 
filiate the American Association for 
Advancement Science and the 

merican Institute Physics. 

Blanton Duncan has rejoined the sur- 
chemistry section the National 
Standards. 

Williamson has been elected presi- 
dent Tube Reducing Corp., Walling- 
ton, 


Richard Simmons has been appointed 
processing the Toronto, 
Ohio plant Titanium Metals Corp. 
\merica, now being rebuilt special- 
facility for forging alloy titanium 
hillets and rolling and heat treating 
large-size, high strength alloy titanium 
sheet. 

Robert Booth, formerly representa- 
tive Plastic Applicators, Inc. the 
Houston area has been made general 
manager the firm’s new Odessa, Texas 
plant. 

John Wallace has been named vice- 
president engineering for the Wal- 
worth Company. 


John Howsom, formerly leader the 
physical chemistry section, American 


Viscose Corp. has been made manager 
basic research. 

Hoglund, head, joining section, 
Aluminum Company America’s proc- 
ess development laboratories has been 
elected first vice-president the Ameri- 
can Welding Society, Inc. 


Edward Teller, pioneer theoretical 
physics and authority atomic 
energy has received the 1957 Dickinson 
College Priestly Memorial Award and 
cash grant from the National Cylinder 
Gas Co. associate director the 
radiation laboratory the University 
California Berkeley, professor 
physics the university and member 
the general advisory committee the 
\tomic Energy Commission. 
John Kempf has joined the technical 
staff Furane Plastics, Inc., 4516 Brazil 
St., Los Angeles 39, Cal. product de- 
velopment manager adhesives and 
coatings. 

Marcel Cordovici, head the ma- 
terials and testing department The 
Babcock Wilcox Company’s Atomic 
Energy Division has been named re- 
cipient the second 
Achievement Award the New York 


GENERAL NEWS 


Chapter the American Society for 
Metals. 

Peter Hidnert, expert the field 
thermal expansion retired March after 
years the National Bureau 
Standards. 


Charles Bird, Jr. has been elected 
president The Bird-Archer Co., water 
treatment engineers. succeeds 
Harragin, retired, who will continue 
president Bird-Archer Co., Ltd. 
Canada. 

Ardon Judd has been elected presi- 
dent Southwest Fabricating Weld- 
ing Co., Houston, subsidiary the 
Walworth Company. 


Clarence Sander, superin- 


general 


CHROMATE 


Corrosion Control 
Air Conditioning 


‘THE CHROMATE TREATMENT OF THEIR 
‘WATER SYSTEMS 


Corrosion Control in the 
Refrigeration Industry 


THE CHROMATE TREATMENT OF BRINE 


ANALYTICAL METHODS 


for 


CHROMIUM CHEMICALS 


FOR CORROSION CONTROL 
METHANOL ANTIFREEZE 
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tendent, Vernon Plant, Consolidated 
Western Steel Div., United States Steel 
Corp. has been elected president the 
American Welding Society. 


McBride, superintendent main- 
tenance for the Chemical Group, Pitts- 
burgh Coke Chemical Co. has been 
elected president the Pittsburgh chap- 
ter, American Institute Plant Engi- 
neers, 

Howard Park, Jr., vice-president, 
General Steel Castings Corp., Granite 
City, Ill. has been reelected president 
Steel Founders’ Society America. 

Organizations corrosion engineers 
have been founded England, France, 
Germany, Italy, Australia and Japan 
since NACE was established. 


nhibito 


Corrosion 
Steel, Aluminum, 
and Magnesium 


you use chromium chemicals, 
these publications will help you 


Order the titles you want from the list above. All are 
free anyone interested chromium chemicals. 


MUTUAL 


MUTUAL CHEMICAL DIVISION 


ALLIED CHEMICAL DYE CORPORATION 
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Twenty-five years ago NO-OX-ID 
combinations sealed this pipe against 
corrosion. Today, after two and one- 
half decades uninterrupted service, 
the pipe good new. 


HOW KNOW THIS? 


Recently, new construction made re- 
location the line necessary. Inspec- 
tion revealed the original NO-OX-ID 
coatings and wrappers had chemi- 


Pipe, buried for years, good new 


THIS PIPE 


USE THIS COUPON 
FOR MORE INFORMATION 


NO-OX-ID 
For Long-Term Protection 
Against Pipe Corrosion 


Next, No. wrapper for protection against abrasion Finally, NO-OX 


cally and mechanically stopped mois- 
ture penetration and corrosive attack. 
Not foot pipe was replaced. After 
cleaning and new application 
NO-OX-ID coating-wrapper combi- 
nation, the pipe was lowered in. It’s 
now ready for many more years 
additional service. 

Many leading pipeline companies 
and utilities rely NO-OX-ID com- 
binations for lasting pipeline protec- 


Gentlemen: 


-ID Filler Red seal coat, completes protection 


YEARS YOUNG 


tion. Consult your Dearborn repre- 
sentative next time you move pipe 
lay new lines for the right combina- 
tion meet your soil conditions. 


ADVANTAGES 


Coats more feet per man-hours be- 
cause less material 
hot cold hand, Traveliner 
the mill Requires less equip- 
ment noxious fumes. 


Dearborn Chemical Corporation 
Dept. Merchandise Mart Plaza 
Chicago 54, Illinois 


Have Dearborn Pipeline Representative call 
Send NO-OX-ID literature 


Applying NO-OX-ID over the cleaned surface 

| 
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CHARACTERISTIC 
CORROSION PHENOMENA 


3.7 Metallurgical Effects 


3.7.3, 6.3.6, 7.4.2 

Welding Copper Alloys: Fabrication 
Heat-Exchanger Components for the 
Oil Industry. Imperial Chemical Indus- 
tries Ltd. Metal Ind., 88, No. 17, 353-357 
(1956) April 27. 

this symposium, organized ICI 
Metals Division, papers included: Seal- 
Welding Heat-Exchanger Tube Ends, 
Sea Water, Dolan; Floating Head 
Covers—the Alternatives, Meeker; 
Copper Alloys for Heat-Exchanger Con- 
struction, Hooper; Which Weld- 
ing System Choose, Moore.— 

BNF. 12115 


3.7.4 

Diffusion Short Circuits 
Gen, Elec. Rev., 59, 

28-31 (1956) March. 

Explains migration atoms across 
grain boundaries being analogous 
trates diffusion, grain boundary orienta- 
tion and dislocations with reference 
raft soap bubbles. Changes grain 
size and effects final properties 
alloy caused grain-boundary diffu- 
sion are considered. Photomicrograph, 
radiograph, 12039 


3.8 Miscellaneous Principles 


3.8.2 

Acceleration the Dissolution 
Iron Sulfuric Acid Ferric Ions. 
Harry Gatos. Electrochem. Soc., 
103, No. 286-291 (1956) May. 

The dissolution iron sulfuric acid 
solutions was studied function 
concentration. sulfuric acid 


the dissolution rate (5-hr. period) in- 
creased first with concentration 
and then decreased beyond 0.47 Fe* 
came approximately equal the rate 
sulfuric acid containing The 
hydrogen evolution rate decreased with 
time and with concentration. For 
given Fe* concentration, the dissolution 
rate decreased and the hydrogen evolu- 
tion rate increased with increasing 
concentration. 

The accelerating effect Fe* due 
the direct reduction the Fe* 
Consumption was related 
iron dissolution according Fara- 
day’s law. Decrease hydrogen evolved 
was considered the result unfavorable 
electrode conditions for the reduction 


12015 


3.8.2 

Kinetics the Corrosion Process. 
(Zhurnal Prikladnoi Khimii), 29, No. 
369-379 (1956) Feb. 

theoretical analysis electrochem- 
ical oxidation-reduction metals. fig- 
ures, references—ATS. Translation 
available: Associated Technical Serv- 
ices, Box 271, East Orange, New 
Jersey. 12138 


3.8.2 

The Kinetic Significance the Indi- 
vidual Stages the Corrosion Process. 
(Zhurnal Prikladnoi Khimii), 29, No. 
(1956) Feb. 

The effect various factors the 
rate corrosion metals and alloys 
solutions electrolytes was evaluated. 
tion available: Associated Technical 
Services, Box 271, East Orange, 
New Jersey. 12140 


3.8.2 

Corrosion and Electrochemistry. (In 
47, No. 50-52 (1956) Jan. 

discussion the terminology 
chemical and electrochemical corrosion. 
references. This subject being con- 
sidered group the Comite Inter- 
Cinetique Electrochimique.—BNF. 


3.8.2 

Use the Oscillographic Method for 
the Study the Kinetics the Solu- 
tion Iron Sulfuric Acid. (In Rus- 
Vestnik Universiteta, 
127-131 (1956) Feb. 

Oscillograms the switching and 
off direct current were photographed. 
Equations relate the variation 
tial and cathodic polarization. Graphs, 
table. 11988 


3.8.2 

Study Corrosion Properties Met- 
als. Applied Chem., USSR 
(Zhurnal Prikladnoi Khimii), 29, No. 
360-369 (1956) Feb. 


theoretical discussion. 
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figures, 


references.—ATS. Translation available: 
Associated Technical Services, 
Box 271, East Orange, New Jersey. 


3.8.2, 3.8.4 

Chemical and Electrochemical Corro- 
sion. (In German.) GRUBITSCH. 
Metallkunde, 47, No. 184-190 (1956) 
March. 


Definitions electrochemical and chem- 
ical corrosion phenomena, The primary 
stage corrosion consists adsorp- 
tion ions molecules; was found 
that adsorption according van der 
Waals does not contradict the electro- 
chemical corrosion theory. Graphs, mi- 
crographs, diagram. 104 

12010 


3.8.4, 6.3.19 

First Stages Oxidation the Zinc 
(0001) Surface. (In Italian.) Bo- 
Metallurgia Italiana, 48, No. 
119-123 (1956) March. 


The atmospheric corrosion zinc 
single crystals was studied measur- 
ing the angle contact drop 
water placed the surface, deter- 
mining the volume hydrogen could 
release and measurements poten- 
11972 


CORROSIVE ENVIRONMENTS 


4.3 Chemicals, Inorganic 


4.3.2, 7.6.5 

Corrosion Nitric Acid Concen- 
trator. Frep Meyer, Jr. National Lead 
Co. Ohio. Atomic Energy Comm. 
Pubn., AECD-3735 (no date), Declassi- 
fied January 1956, pp. Available 
from: Office Technical Services, Wash- 
ington, 

Corrosion rates stainless steels and 
other construction materials nitric acid 
concentrator process solutions under op- 
erating conditions were determined. Stain- 
less steel No. 347 showed lower corrosion 
rates boiling nitric acid-hydrofluoric 
acid solutions under reduced pressures. 
—NSA 12094 


4.3.2, 8.8.1 

Propylene Polymerization Packed 
Reactor—Liquid Phosphoric Acid Cata- 
Paper before Am. Chem. Soc., 127th 
Ann. Mtg., Petroleum Chem. Div., Cin- 
cinnati, March-April, 1955. Ind. Eng. 
Chem., 48, No. 370-377 (1956) March. 

Describes process and pilot plant equip- 
ment for catalytic polymerization 
olefin polymers. Preheater Type 304; 
vaporized feed flow line, reactor and 
water-cooled condenser are Hastelloy 
acid settler stainless steel; and 
acid preheater Hastelloy Reactor was 
packed with copper pellets. Preliminary 
work showed that corrosion rate 
Types 304 and 316 could reduced 
below 0.03-inch per year 360 ad- 
dition 0.5 arsenic trioxide phos- 
phoric acid catalyst. Static tests were 
conducted evaluate corrosion resist- 
ance copper catalyst. Under static 
conditions, corrosion rate copper 
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independent catalyst strength range 
98-109% phosphoric acid and aver- 
ages 0.016-inch per year. Corrosion rates 
increased 0.05 and 0.2-inch per year 
when catalyst flowed across surface 
rates and ft. per minute, respec- 
tively. Copper reactor lines could 
used control corrosion only air 
excluded and surface copper pro- 
tected acid-resistant material pre- 
vent erosion flowing acid. Tables, 
graphs, references.—I NCO. 11977 


4.3.5, 3.2.2 

Materials Construction for Hydro- 
gen. Morton. Petroleum Refiner, 35, 
No. 164-166 (1956) March. 

Discusses the three unfavorable effects 
hydrogen 
blistering and cracking—and prevention 
these effects through use proper 


CASING OIL 
PROTECTED FROM CORROSION 


Here’s how oil producing company the Gulf Coast 
stopped external casing corrosion its wells. Five 
the wells were salt water bay. 
indicated that cathodic protection 
could applied the total depth 5,500 feet. CSI deter- 
mined the current requirements, 


Potential-drop 


potential method. 


Then CSI engineers designed and installed protective sys- 
well based guaranteed current output. The 
range current requirements was from 0.5 
The necessary current was delivered from ground beds each 
containing from two magnesium anodes. 
Dow’s new high potential anodes, were used special lengths 
provide 10-year installation life 
This cost ranged from $215 $510 per well. 

Call write today for estimates 
cathodic protection needs—materials services. obligation. 


CORROSION SERVICES 
INCORPORATED 


Tulsa, Oklahoma 


tem for 


Box 7343, Dept. 
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alloys and steels hydrogen producing 
units and equipment exposed hydro- 
gen service. Among materials con- 
sidered are Type 310, nickel-20 chro- 
mium steels and nickel-15 chromium 
heat resisting 12074 


4.3.5, 3.4.6 


Effect Air the Corrosion Met- 
als Chlorine High Temperatures. 
(Zhurnal Prikladnoi Khimii), 29, No. 
229-236 (1956) February. 

Maximum temperatures satisfactory 
resistance corrosion various fer- 
rous and nonferrous metals and alloys 
are given. table, figure, references. 
—ATS. Translation available: Associated 
Technical Services, Box 271, East 
Orange, New Jersey. 12136 


WELLS 


using the 


6.2 amperes. 


Galvomags, 


the lowest possible cost. 


quotations your 


Telephone: Circle 5-1351 


Vol. 


4.4 Chemicals, Organic 


4.4.3, 4.4.8, 5.8.4 

Corrosion Metals the 
Solutions Non-Ionic Surface-Active 
Chem. Soc. Japan, Ind. Chem. 
503-505 (1956) May. 

The action dilute aqueous 
mild steel, zinc, aluminum and tin 
studied, Three types polyethyleneo: 
ide derivatives (laurylalcohol, 
nol and laurylamine) were used. 

The change weight and surface 
pearance metal specimens were 
served after immersion for hours 
solutions; and when corrc- 
sion occurred, its prevention using water- 
soluble rust-preventive substances 
tried. 

Results are follows: 
Corrosion occurred all cases, 
the increase concentration 
active agent, especially with more 
corrosion. Zinc: Weight loss had tend- 
ency decrease with the increase 
concentration laurylalcohol and 
phenol; but when laurylamine was used, 
increased somewhat. Aluminum: 
num was attacked the solution 
laurylamine and the increase concen- 
tration resulted increase weight, 
but the solution laurylalcohol and 
nonylphenol produced attack and 
consequently prevented corrosive action 
water. Tin: Tin was not attacked 
water and non-ionic surface-active agents 
used this study. 


Though corrosion occurred these 
aqueous solutions, the case mild 
steel, the addition 0.1% sodium 
nitrite, potassium chromate, 
phate sodium benzoate prevented cor- 
rosive action these solutions; the 
case zinc aluminum, the use 
0.1% chromate also prevented 
corrosive action these 
12119 


4.4.3, 4.6.4, 5.8.2 
Recent Investigations and Experi- 
ences Corrosive Properties Cool- 
ing and Anti-Freezing Media for Use 
Tech., 22, No. 65-74 (1956) March. 
Investigations corrosive effects and 
their reduction inhibitors. Metals 
tested included steel, copper, 50/50 tin/ 
lead solder, Avional (aluminum-4.5 cop- 
per-0.6 magnesium), low-alloy cast iron 
(0.6% chromium, 0.6% molybdenum) 
and Silufont-2 (aluminum, 11-13.5% sil- 
icon), against water and ethylene glycol. 
references.—BNF. 11952 


4.4.7, 7.1, 2.3.9 

Investigation the Wear Properties 
Oils and Fuels with the Aid Radio- 
active Isotopes. (In Russian.) Yu. 
Paper Meetings the Di- 
vision Technical Sciences. (Session 
the Academy Sciences the USSR 
the Peaceful Use Atomic Energy, July 
1-5, 1955), 115-139. Moscow, Publishing 
House the Academy Sciences the 
USSR, 1955, 339 pp. 

anti-wear properties lubricating oils 
achieved tests made one-cylinder 
engines with the upper pressure piston 
neutrons containing admixtures 
The radioactivity the oil 
measured when the engine running 
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either taking samples test tube 
inserted block six gamma Geiger 
counters placed lead chamber, 
radioactivity the standard solu- 
out vessel, the form 
which the same that the lubri- 
citing line which the radioactivity 
oil the engine being measured. 
ecause similar measurement geom- 
becomes possible reduce the 
diometric wear data the radioactive 
weight indices. This method 
akes possible eliminate prelim- 
calibration the lubricating line 
scientists abroad. in- 
stigation was made the influence 
revolutions and loads the wear 
one-cylinder four-stroke carburetor 
gine running different-quality oils 
and low temperatures the 
water. was established that 


ENGINEERING DIRECTORY 


cathodic protection service 


Twenty cathodic protection 
engineers with a combined 
total over 150 years experi- 
ence available serve you 
with ABILITY and INTEGRITY. 


Houston, 4601 Stanford St. 
BRANCH OFFICES 
Tulsa New Orleans Corpus Christi Denver 


Cathodic 
SURVEYS © DESIGNS * ENGINEERING 


Pipes Lines Offshore Platforms 
Refinery and Gasoline Plant Lines 
Municipal Systems « Barges 


CORROSION RECTIFYING CO. 


PHONE: 7-6659 


5310 ASHBROOK 
HOUSTON, TEXAS 


BOX 19177 


Control Systems 
INSTALLED, and MAINTAINED 


Consultation all types metallic 
structures; corrosion 
Signs; plans and 


corrosion control ine. 
823 So. Detroit Tulsa 2-7881 


CORROSION SERVICE LIMITED 
Offers CANADA 


Complete Service Corrosion Engineering 
Design and Installation Cathodic Protection 
Systems. 

Resistivity and Electrolysis Surveys 
Selection and Application of Protective Coatings. 


Dundonald St., Toronto, Canada 


CORROSION ABSTRACTS 


the engine wear increase with in- 
crease the revolutions and loads and 
the difference the anti-wear proper- 
ties the oils becomes clearer. 
studying the corrosion ferrous and 
non-ferrous metals and allows under the 
action lubricating oils, use was made 
radioactive metal plates periodically 
immersed test tubes containing the 
oils being tested; the temperature the 
oils was thermostated given level. 
The corrosion dynamics steel and 
cast iron was established motor oils 
with and without additives. Tempera- 
ture curve maximums have been found 
for cast-iron and steel corrosion under 
the action motor oils. The introduc- 
phorous into anti-corrosion additives 
motor oils has made possible 
study the kinetics the formation 
protection films the surface vari- 
ous metals and alloys. investigation 
has been made the character the 


Electro Rust-Proofing Corp. 
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Cathodic Protection Design 
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plications; water tanks and pipe 
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temperature curves film-formation 
sulfur- and phosphorus-containig addi- 


tives various metals. 
11937 


4.6 Water and Steam 


4.6.13 

Sour-Water Stripping Unit. 
Oil Gas J., 54, No. 45, 138, 141, 
143 (1956) March 12. 

Describes stripping facilities Shell 
Oil’s Houston refinery treat sour wa- 
ter accumulated from various processing 
units, Process consists injecting sul- 
furic acid decompose potassium and 
other stable sulfides, releasing hydrogen 
sulfide and equivalent sulfides. Acid 
pumped through carbon steel piping and 
injected through Hastelloy nozzle 
with Teflon tip. Plain Hastelloy tip 
was subject corrosion where acid met 
sour-water stream, and required fre- 
quent replacement. avoid corrosion 


your shield against corrosion 


PROVEN EXPERIENCE 
in Installation, Field Survey, Design 
RECTIFIER SYSTEMS GALVANIC ANODES 


SMITH 
ENGINEERING CO. 


CONSULTING ENGINEERS 
CORROSION PROBLEMS 


Essex Bldg. Mohawk 
Narberth, Pa. 4-3900 


COMPLETE LONG ESTABLISHED 
CORROSION CONTROL 
SERVICE 


VENEZUELA 


Investigations Reports Installations 


SERVICIOS ANTI-CORROSIVOS, 


Apartado 2031 Caracas, Venezuela 


SOUTH FLORIDA TEST SERVICE 
Engineers 


Consultants and specialists corrosion, 
weathering and sunlight testing. 


4201 7th St. Miami 34, Florida 


Specialists 
Water Treatment 
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downstream injection point, plastic- 
coated pipe used. Corrosion problem 
columns containing Turborigid trays 
was combatted coating column and 


trays with 
INCO. 12087 
4.6.2, 5.8.2 


Improvement Heat Transfer with 
146A-149A (1956) April. 

Filming amines serve dual function 
paper mills minimizing corrosion 
condensate systems and improving 
the efficiency heat transfer. Corrosion 
oxygen and carbon dioxide content 
the boiler make-up water. Use de- 
aerating heater will rid the feed water 
free carbon dioxide. Corrosion due 
the acidic nature carbon dioxide dis- 
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solved the water can offset in- 
hibitors but these are not satisfactory 
since they are difficult control and 
react any copper copper alloy 
the system. Filming amines function 
laying down thin film the metal 
surfaces contacted and since the water 
being carried will not wet the metal 
surfaces, excellent protection afforded. 


11983 


4.6.4, 5.8.2 

Corrosion and Deposit Control 
Cooling Water Systems. 
Cyrus Wm. Rice Co. Combustion, 27, 
No. 53-56 (1956) March. 

Explains origin corrosion and depo- 
sition problems encountered cooling 
water systems and describes common 
methods treatment. Langelier Index 
deposition calcium carbonate thin 


Vol. 


protective film metal surfaces. Algae 
and organic slime control accom- 
plished chlorination and addition 
algaecides. Corrosion inhibitors discussed 
include chromates, polyphosphates, 
mate-polyphosphates, silicates, 
and chromate-phosphate-zinc. 
calculations are 


PREVENTIVE MEASURES 


5.2 Cathodic Protection 


5.2.1 

Critical Look Cathodic 
tion. Gas, 32, No. 
(1956) May. 

Discussion cathodic protection 
controlling corrosion buried pipelines 
Circumstances submitted under whicl 
cathodic protection normally 
and maintained may not prevent corro- 
sion include loose and sagging pipe coat- 
ing, numerous and active bacteria and 
high soil resistance. Questions posed 
stimulate research include whether the 
voltage across the pipe coating, earth 
pipe, deteriorates the coating and 
what value should normally not ex- 
ceeded and the possibiilty that the re- 
lease nascent atomic hydrogen 
the pipe surface the cathodic protec- 
tive current causes deterioration the 


11957 
Electrical Corrosion Protection 


Buried Cables and Pipes. (In German.) 
Elektrotech. Z., Ser. 
77, No. 129-136 (1956) March. 


Apparatus and devices cathodic 
protection process. Graphs, diagrams, 
references.—BTR. 12088 


Cooperation Helps Control Corrosion. 
Mercer. Pipe Line Industry, 27-28 
(1956) March. 


voluntarily working together 
control committee, cathodic protection 
made more effective for all operators 
buried pipe lines and telephone cables. 
Diagrams.—BTR. 12090 


Cathodic Protection: Cooperative 
Eng. Co. Gas Age, 117, No. 40-50 
(1956) May 

Discussion the need for coopera- 
tion the establishment effective 
corrosion protection underground pipe 
lines. Basic corrosion engineering dis- 
cussed construction design, grid 
and interference problems. Careful field 
procedures and sound design together 
with thorough study the problem 
trained engineers notification 
neighbors protection scheme before 
installation that interference tests 
may conducted are recommended 
procedures for minimizing the engineer- 
ing expense everyone involved. Case 
histories and technical discussions 
four pipelines are given. 


INCO. 12003 


Mitigation Underground Corrosion. 
NACE Pubn. No. 56-12, 1956, pp. 
Available from: National Association 
Corrosion Engineers, 1061 
Houston Texas. 

Six papers the late Dr. Pear- 
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with SOLVAY SODIUM NITRITE 


Parts process are protected against rust you treat 
them with inexpensive, low-concentration solution 
Sodium Nitrite. Both the gears above were 
stored under identical conditions high humidity—the 
gear the right was protected dipping solu- 
tion SoLvAy Sodium Nitrite before storage. 


Sodium Nitrite prevents corrosion metal sur- 
faces forming invisible gamma oxide protective film. 
can added the water circulating systems. 
effective with iron and steel, and reported suppress 
the degradation aluminum, tin, monel, copper and 
brass. can combined with caustic soda phosphates 
for increased protection during following cleaning, 
neutralizing other operations. Easy apply SOLVAY 


Soda Ash Caustic Soda Calcium Chloride 
Bicarbonate Caustic Potash Chloroform 
Ammonium Bicarbonate * Cleaning Compounds 
Ammonium Chloride Sodium Nitrite Aluminum 
Chloride Ortho-dichlorobenzene Hydrogen Peroxide 


CORROSION 


ABSTRACTS 


Sodium Nitrite non-toxic concentrations normally 
used for corrosion prevention. 

For working sample and complete details SOLVAY 
Sodium Nitrite’s adaptability wide range anti- 
corrosion uses, mail the coupon promptly. 


Write for full facts! 
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SOLVAY PROCESS DIVISION 


ALLIED CHEMICAL DYE CORPORATION 
61 Broadway, New York 6, N. Y. 


Please send without cost*: 
Working sample Sodium Nitrite 


Nitrite for Rust and 
Corrosion Prevention” 


Position 
Address 

City 
DY-5 


Zone State 
*In Western Hemisphere countries only. 


1 ‘ 
| | 
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son, acknowledged expert under- 
ground corrosion mitigation and one 
paper co-worker, prepared under 
his leadership, are reprinted. The six 
papers, reprinted permission from 
the Petroleum Engineer and Transactions 
The Electrochemical Society where they 
were published originally 1941-44, 
cover electrical examination coatings, 
“null” methods, determination cur- 
rent required, concepts and methods 
cathodic protection and preventive main- 
tenance inspection, The newcomer 
and longtime worker underground 
corrosion problems alike will find these 
papers include useful information. 12097 


5.2.1, 4.6.1 


Cathodic Protection Teams With 
Water Treatment Stop Corrosion. 


UGH RESEARCH 


QUALITY AND DEPENDABILITY THRO 


Arkansas Fuel Oil Corp. 
Petroleum Refiner, 35, No. 188-191 
(1956) April; Oil Gas J., 54, No. 50, 220- 
227 (1956) April 16. 

water systems containing large 
amounts minerals and corrosion prod- 
ucts, cathodic protection gives good 
corrosion protection and scale preven- 
tion locations where water treatment 
not sufficient. Magnesium anodes offer 
the best solution since they are inexpen- 
sive and can obtained small and 
specific shapes. Restriction anode out- 
put best achieved coating the 
anodes with polyvinyl chloride and sizing 
the output holes. current density 
better than ma/sq. ft. needed 
most systems. The most economical ap- 
proach corrosion and scale control 
anodes conjunction with good wa- 
ter treatment. 


This Quantometer Standard Magnesium means 
POSITIVE QUALITY CONTROL 


the Tulsa plant Standard Magnesium Corp., this Quantometer 
analyzes magnesium faster—and greater degree accuracy 
(within .0001%) than any other method. 

What does this First, because its great accuracy, assures 
consistent high quality. This means material your exact specifica- 
tions because sample every melt analyzed before pouring. 
Secondly, gives printed analysis matter seconds from 
samples speedily delivered from the mill the lab through pneumatic 
tube systems. Other metal analyzing methods rely time consum- 
ing, error-liable human analysis results. 


This quality control but another reason why Standard 
Magnesium Corp. leads quality and dependability. 


MAGNESIUM INGOT 
106a 


QUALITY AND DEPENDABILITY THROUGH RESEARCH 


Save Tanks with Cathodic Protection, 
Co. Petroleum Refiner, 35, No. 216-217 
(1956) March. 

Discusses rectifying system and 
vanic anode systems cathodic 
tion applicable underground 
and tanks and bottom tanks 
ing ground. Survey facilities 
indicate best method protection aid 


Economics Cathodic Protection for 
Pacific Coast Gas Assn., Tech. 
Mtg., Feb., 1956. Gas Age, 117, No. 
34-38, 66-68 (1956) April 19. 

problems characteristic cathodic 
system. general discussion 
neering economics and appropriate 
nomic considerations applied the 
thodic protection problem specific 
data from the experience company 
are given. Discussion 
which should evaluated with partic- 
ular caution basing cathodic protec- 
tion policy decision upon the results 
economic analysis given.—INCO. 


11973 
5.2.1, 8.9.4 
Voltmeter Protective Device. 
Paver. Northern Illinois Gas Co. Gas Age, 
117, No. 19-21 (1956) April 19. 
Description specially designed de- 
vice for electric railways that cuts down 
high reversal voltages and permits ex- 
tremely accurate readings down 0.1 
volt. enables selection proper loca- 
tion, proper and most economic type 
drainage ties and equipment and efficient 
cathodic protection, Diagrams.—INCO. 
12103 


5.3 Metallic Coatings 


5.3.2, 2.2.2 

Sprayed Aluminum Coatings. 
Evans. Chemistry Industry, No. 12, 
195-196 (1956) March 

Statement cathodic protection 
bare steel sprayed aluminum. 1931, 
steel plates sprayed with aluminum were 
exposed atmosphere unfavorable 
cathodic protection. Scratch lines were 
traced through coatings and typical rust 
developed. Brown rust gradually dis- 
appeared and after months, dark stain 
developed. After years, steel exposed 
clearly indicating cathodic protection. 
Breaking-down oxide film alumi- 
num and plugging pores with oxide 
and precipitation hydroxide alumi- 


num and zinc coatings are discussed.— 
INCO. 12022 


Internal Stress Electrodeposits. (In 
Metallkunde, 47, No. 43-49 
(1956) Jan. 

Internal stress copper electrode- 
posits and its dependence organic 
additions the bath were measured 
mechanically (using the “Kontractom- 
eter” [Z. Elektrochem., 24, 300 (1918); 
33, 290 (1927)] and magnetically (with 
copper deposited Permalloy, iron- 
67% nickel). X-ray, micrographic and 
microhardness examination showed that 
stresses depend not the thickness but 
the structure the deposit. Relation 
stress structure and hardness.— 


BNF. 12021 
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DAMP SURFACE TOLERANCE... 


New PRUFCOAT VINYL-WELD PRIMER P-62 has 
“formulated-in” safety factor damp surface tolerance that 
gives you low-cost insurance against costly premature coating 
breakdowns due surface dampness the time primer 


application. 

The above photograph shows what happened just 
few short weeks after job completion when ordinary 
vinyl primer was used over damp, wire-brushed steel. Fail- 
ures this kind can play havoc with painting maintenance 
costs cut sharply and unexpectedly into your net 


operating profit. 


PRUFC 


SEND COUPON TODAY FOR 
THE FULL STORY 

TITLE 

THIS GREAT NEW 


PRUFCOAT VINYL PRIMER. 
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OAT LABORATORIES, 
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money-saving contrast, PRUFCOAT VINYL-WELD PRIMER 
P.62 under identical damp surface application condi- 
tions provides complete protection with sign break- 
down after many months punishing corrosive exposure. 


But this damp surface safety factor means all this 
new primer has offer. There are these other important 


primer features 


SUPERIOR RUST INHIBITION 


SUPERB ADHESION 
QUICK DRYING 


EXCELLENT CHEMICAL RESISTANCE 


Versatile Primer P-62 exceptionally low cost. for 
use over wire-brushed rusty steel blast cleaned steel. 
can brushed. can sprayed. can hot sprayed! 


INC., Main Street, Cambridge 42, Mass- 


Prufcoat Primer P-62. 


nd me Bulletin No. 01 


Please 
COMPANY 


Main Street, Cambridge, Mass. 


new vinyl primer 
tion 
1931, 
| | 
{ 
| 
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5.3.2, 3.5.8, 2.3.7 


Stress Electrodeposited Coatings: 
Its Significance and Measurement. 
KusHNER. Metal Finishing, 54, Nos. 
48-51, 57; 58-63 (1956) April, May. 

Considers detail the significance 
stress and its influence plate adhe- 
sion, cracking deposits, blistering, 
distortion thin metal sections, stress- 
corrosion and fatigue 
Temperature, current density, agitation, 
bath composition (nickel content, pH, 
anions, metallic impurities, addition 
agents) and deposit thickness are dis- 
cussed plating variables that influ- 
ence stress. explain origin stress 
electroplated coatings, excess energy 
theory, hydrogen hydride theory and 
hydrate basic oxide theory are dis- 
cussed. Various methods for quantita- 
tive measurement stress are de- 
scribed. All references are made 
nickel plating. Graphs, diagrams.— 
INCO. 12075 


The Development Zirconium-Rich 
Protective Coatings and Brazing Mate- 
rials for Heat-Resisting Alloys. 
Paper before ASTM, 58th 
Ann. Mtg., Symp. Metallic Materials 
for Service Above 1600°F., Atlantic City, 
June 30, 1955. ASTM Spec. Tech. Pubn. 
No. 174, 1956, 183-193. Available from: 
Am. Soc. Testing Matls., 1916 Race St., 
Philadelphia Pennsylvania. 

Present investigations demonstrate-feas- 
ibility producing coat- 
ings zirconium-rich alloys surface 
nickel-base alloys and heat resistant 
steels prevent erosion hot com- 


COKE 
EEZE 


Backfill for 
Anodes 


Ideally suited for use with anodes. Has 
high carbon content and comes sizes 
sacks. Prices other sizes request. 


National Carbon 
Anodes 


Magnesium Anodes 
Good-All 
Rectifiers 


Wholesale 


Coke Company 


PHONE BIRMINGHAM, ALA., 
GARDENDALE EXT, 3-2424 


Box 
MT. OLIVE, ALABAMA 


pacting and extrusion dies. Coating with 
zirconium zirconium alloy powder 
described and results investigating 
process variables, erosion uranium 
and magnesium-magnesium oxide cer- 
mets, hardness and heat treatment and 
high temperature oxidation are discussed. 
Hardness increased proper alloying 
additions (tungsten, molybdenum, chro- 
mium, aluminum, lead) and heat treat- 
ment. Resistance oxidation air 
high temperatures inferior that 
nickel-base alloys. Zirconium alloys 
brazing materials are considered. Shear 
strength joints Nimonic strip 
brazed 2100 with Zr-1 powder 
33,700 psi 1690 Tables, photo- 
11987 


5.3.4 

The Effect the Catalytic Ion 
Obtaining Crack-Free 
ishing, No. 93, 426-430 (1956) March. 

Tests with various inorganic and or- 
ganic additions plating solution 
250 g/l chromic acid. All observed de- 
posits were cracked black. Some 
the results obtained the conventional 
solution containing 2.5 sulfuric acid 
conflict with those obtained other 
workers.—BNF. 12046 


5.3.4 

The Electrodeposition Tungsten. 
lurgia, 53, No. 315, 3-17 (1956) Jan. 

survey work the electrodeposi- 
tion tungsten and its alloys from 
aqueous, organic and fused salt baths: 
only from fused salt baths, the most 
promising being (or 
have thick coherent lay- 
ers been obtained. difficult find 
suitable vessels for containing such 
melt. Theoretical aspects electrodepo- 
sition from fused salt baths are treated 
detail, stressing the future importance 
such baths for the extraction and electro- 
deposition many refractory metals. 
11951 


5.4 Non-Metallic Coatings 
and Paints 


5.4.2 

Application Enamel Protection 
for Aircraft Material. Corro- 
ston Anti-Corrosion, 60-66 (1956) 
Feb. 

Application enamel coatings im- 
part 
ance, particularly vanadium pentoxide 
attack, sulfur dioxide and trioxide and 
carbon monoxide and carbon dioxide 
gas turbine and piston engines. Support- 
ing data are plain enamelled 
Inconel and NS-20-C and NS-21-S stain- 
less 12064 


5.4.2 

Influence Copper Ions Adher- 
ence Vitreous Coatings Stainless 
National Advisory Cttee. for Aeronau- 
tics, Tech. Note No. 3679, February, 
1956, pp. 

Copper ions vitreous coatings 
AISI Type 321 steel produced signifi- 
cant increase adherence both 
pickled and sand-blasted surfaces but the 
effect the copper decreased with in- 
creased firing temperatures and increased 
firing time for the pickled specimens. 
vealed that the copper ions were reduced 
metallic copper near the interface dur- 
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ing firing but examination sections 
with the metallographic microscope 
showed selective corrosion the 
stainless steel surface. 
INCO. 12062 


5.4.2 

Radioisotope Study the Nickel 
AND Harrison. Paper before Am. 
Ceram. Soc., 55th Ann. Mtg. New York, 
April 29, 1953. Am. Ceramic Soc., 39, 
No. 39-46 (1956) Feb.; National 
Advisory Cttee. for Aeronautics, Tech. 
Note 3577, February, 1956, pp. 


Radioisotope tracer studies the 
deposition nickel during nickel dipping 
steel and the effect this nicke! 
deposit the reduction cobalt ions 
metallic cobalt during enamel firing 
showed the following: deposition 
nickel the metal surface during 
dipping and the deposition cobalt 
the enamel-metal interface during firing 
were both markedly affected the type 
cleaning given the steel and the 
mechanical deformation the metal sur- 
face; the nickel from the nickel dip re- 
mained metal the interface during 
firing the enamel; and the presence 
the nickel deposit had little effect 
the deposition cobalt the inter- 
face during 12117 


TECHNICAL 
REPORTS 


GENERAL CORROSION 
PROBLEMS 


T-3A Some Corrosion Inhibitors—A Refer- 

ence List. A Report of T-3A on 
Corrosion Inhibitors. Publication 55-3. Per 
Copy $.50. 


T-3B Bibliographies of Corrosion Products. 

Section One—A Report by NACE 
Technical Unit Committee T-3B on Corrosion 
Hr Publication No. 57-5. Per Copy 


T-3E Tentative Procedures for Preparing 

Tank Car Interiors for Lining. 
Report by NACE Task Group T-3E-1 on Cor- 
rosion Control of Railroad Tank Cars. Per 
Copy 


T-3H Some Consideration the Econom- 

ics Tanker Corrosion. contri- 
bution to the work of Technical Committee 
T-3H Tanker Corrosion Dillon. 
Per Copy $.50. 


T-3F Symposium Corrosion High 

Purity Water: Introduction to Sym- 
posium on Corrosion by High Purity Water, 
by John F. Eckel: Corrosion of Structural 
Materials in High Purity Water, by A. H. 
Roebuck, C. R. Breden and S. Greenberg; 
Corrosion Engineering Problems in High Pur- 
ity Water, by D. J. DePaul: The Importance 
of High Purity Water Data to Industrial Ap- 
plication, by W. Z. Friend. A Symposium 
sponsored by NACE Technical Unit Commit- 
tee T-3F on Corrosion by High Purity Water. 
Per Copy $1.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 
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Photograph courtesy 
Inland Steel Company. 


...but not bit damage 
the galvanized surface 


The durable, unbreakable bond between steel and zinc, coupled with 


exceptional ductility coating obtainable only when the continuous 
galvanizing process used. 


The Not just any zinc suitable for the continuous process. calls for metal 


with certain desirable alloying elements, not merely under permissible 
maximums but within specified maximums and minimums. 


St. Joe’s contribution the rapidly growing continuous galvanizing output match the demands for this 
special corresponding increase the output St. Joe Electrothermic Zinc...the Zinc that used 
galvanize sheet strip that subjected severe deformation severe that illustrated 


ST. JOE THE METAL EVERY GALVANIZING PLANT SHOULD USE. 


ST. JOSEPH LEAD COMPANY 250 AVENUE, NEW YORK 17, 


HIGH GRADE 


PRIME WESTERN 
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5.4.5 

Protection with Anti-Rust Paints Con- 
taining Zinc Powder. (In Italian.) 
Metalludgia Italiana, 48, No. 
Atti notizie Section, 71-86 (1956) March. 

After discussing the 
rusting and the protection given zinc- 
rich paints, gives results atmospheric 
and accelerated corrosion tests and po- 
tential measurements.—BNF. 11954 


5.4.5, 5.4.10, 8.9.3, 5.2.1, 2.3.4 

Testing Wrappings Cathodically 
Protected Submerged Pipe and Fittings. 
455t-458t (1956) Sept. 

All 20-mil tapes failed when tested 
the Light, Gas Water Div. Memphis, 
Tennessee 2000 water 
wrapped over pipe carrying im- 
pressed voltages —2.5. Ten- 
mil tapes performed better. The principal 
reasons for failure were poor adhesives 
and tape elasticity and memory which 
tended pull away wrappings over el- 
bows and caps. Coal tar enamel tested 
under the same conditions performed 
well. 

Test equipment included device for 
measuring the conductivity the water 
and transparent plastic box which 
the tested samples were submerged. 
Close check was kept applied poten- 
tials. was kept water ab- 
sorbed the wrappings. believed 
increased current flow was caused 
water creeping under tapes rather than 
absorption. 

Tests were run for periods eight 
weeks gradually increased voltages hav- 
ing the effect accelerating the tests. 
Data are graphed for typical tests and 
table data typical sample given. 

12089 


ACIDS CAUSTICS MOISTURE 


Formulated the sensationally 
successful EPOXY RESINS 


PROVEN SUPERIOR performance 
use under most extreme cor- 
rosion conditions—as container and 
pipe linings—as product and equip- 


ment finishes. 


PROVEN SUPERIOR resistance 

practically all natural and chemical 
corroding elements including many 


acids. 


PROVEN SUPERIOR flexibility, 
color and gloss retention, long life 
and positive adhesion most 
metals including iron and steel. 


PROVEN SUPERIOR reducing 

costly deterioration, replacement, 
maintenance and customer 


plaints. 


For faster, low cost solution 
YOUR corrosion problems write 


BETTER PROTECTION FROM CORROSION CAUSED 


INTERIOR EXTERIOR 
110a 


5.4.5, 8.10, 

Painting Steel Structures Iron 
and Steel Works. 
und Eisen, 76, No. 335-344 (1956) 
March 22, 

Report No. 179 the Committee 
Mechanical Engineers the Verein 
Deutscher Eisenhuttenleute. The impor- 
tance the expenditure for and secur- 
ing the quality paint coats the iron 
and steel works. Factors which—apart 
from the quality and the suitability the 
painting medium—determine the life 
paint coat. Discussion the question, 
whether the prescription definite paint 
formulas contributes securing the 
quality the paint coat 


11953 
5.4.8 


Oil-Soluble Organo-Metallic Com- 
pounds. Chem. Age, 74, 
No. 1906, 243-244 (1956). 

The higher alkyl derivatives succinic 
acid form metal complexes 
muth, arsenic, antimony, copper, mercury 
and such organo-mercury residues 
PhHg. These metal complexes are oil- 
soluble and can incorporated into oint- 
ments and insecticides and into paints 
fungicides.—R PI. 12104 


5.4.8, 2.3.7 

Recent Experiences with Butyl Ti- 
tanate for Paint Purposes. SACHS AND 
Arch. angew. Wiss. 
Tech., 22, No. 75-84 (1956) March. 

For heat resistant coatings for interior 
use (up 650C) and for outdoor use (up 
500C) the following paint system 
recommended: two primers polymeric 
butyl titanate with superfine zinc dust 
and two finishing coatings polymeric 
butyl titanate with extra fine aluminum 
flake (50-150,). Pretreatment test 
apparatus prove the corrosion resist- 
ance and adherence the paints are de- 
scribed. The monomeric butyl titanate 
chiefly recommended blending agent 
for different vehicles. The adherence and 
resistance temperature changes the 
aluminum pigment coatings with poly- 
meric butyl titanate base said 
LL. 12129 


5.8 Inhibtiors and Passivators 


5.8.2, 4.6.2 

Hydrazine Application Binder 
Rest Oxygen High Pressure Boiler 
Feed-Water. (In German.) NISSEN. 
Energietechnik, No. 108-112 (1956) 
March. 

Chemical properties hydrazine. Ger- 
man and foreign experience use 
corrosion inhibitor. Effect tempera- 
ture. Corrosion preventive action. refer- 


ences.—BTR. 12084 


7.3 

Which Chemical-Pump System for 
Your Plant? Jr. Milton 
Roy Co. Power, 100, No. 88-90 (1956) 
April. 

Discusses proper pumping systems for 
various internal water treatments such 
sodium sulfite injection, hydrazine in- 
jection, phosphate 
addition excess caustic soda sulfite 
phosphate feed and addition filming 
neutralizing amines direct boiler 


steam 12146 


5.8.3 

Mechanism Inhibitor Action. (In 
KAZANSKAIA. General Chemistry 


(Zhurnal Obshchei Khimii), 26, No. 
184-186 (1956) January. 


Retardation corrosion oxidaticn 
reactions. Inhibitors studied include hy- 
droquinone, aniline, phenol, 
mines and others. Tables. references. 
—BTR. 12024 


5.8.3 

Scientific American, 194, 35-40 (1956) 
May. 

Technetium, the synthetic 
found the products uranium 
strongly inhibits the exidation 
This phenomenon suggests new 


TECHNICAL 
REPORTS 


PROTECTIVE COATINGS 


Other Than Pipe Line Coatings 


T-6A Application Techniques, Physical 
Characteristics and Corrosion Re- 
sistance Polyvinyl Chlor-Acetates. Re- 
port Unit Committee T-6A Organic 
Coatings and Linings for Resistance to Chem- 
Hic Corrosion. Publication 54-4. Per Copy 


T-6A Report Rigid Polyvinyl Chloride. 
A Report of NACE Technical Unit 
Committee T-6A Organic Coatings and 
Linings for Resistance Chemical Corrosion. 
Publication 56-4. Per Copy $.50. 
T-6A Report on Epoxy Resins. A Report 
of NACE Technical Unit Committee 
T-6A on Organic Coatings and Linings for 
Resistance to Chemical Corrosion. Publication 
56-5. Per Copy $.50. 


T-6A 


Report Application Techniques, 
Physical Properties and Chemical 
Resistance of Chlorinated Rubber Coatings. 
NACE Technical Unit Committee T-6A on 
Organic Coatings and Linings for Resistance 
_— Corrosion. (Pub. 56-6.) Per Copy, 


T-6A Vinylidene Chloride Resins. Report 

Unit Committee T-6A Prepared 
by Task Group T-6A-3 on Vinylidene Chloride 
ae Publication No. 57-9. Per Copy 


T-6B Protective Coatings for Atmospheric 
Their Surface Preparation and 
Application Physical Characteristics and Re- 
sistance. Report Unit Committee T-6B 
on Protective Coatings for Resistance to 
Atmospheric Corrosion. Publication No. 57-10. 
Per Copy $.50 
Interim Report Recom- 
Practices for Surface Prep- 
aration Steel. (Pub. 50-5). Per Copy, $.50. 


TP-6G Second Interim Report on Surface 

Preparation of Steels for Organic 
and Other Coatings. (Pub. 53-1.) Per Copy, 
$1; five or more copies to one address, per 


copy $.50. 

T-6K Construction 
with Membrane and Brick Linings. 

A Report of NACE Technical Unit Committee 

T-6K on Corrosion Resistant Construction 

with Masonry and Allied Materials. Publica- 

tion No. 57-6. Per copy $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
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How Dow Resin 565 gives your paints 
increased resistance, durability and gloss 


The answer the circled part the formula shown above. 


Three the proved benefits are increased chemical resist- 
ance, improved exterior durability and higher gloss. 
building these properties into the alkyds, Dow Resin 565 
may eliminate later additions your formulations. 


Gloss retention and low color are among the other advan- 


tages that make this intermediate ideal building block 
improve your alkyd finishes. 


You are invited call upon our Dow Coatings Technical 
Service for confidential, experienced technical assistance. 
Phone write THE DOW CHEMICAL COMPANY, Midland, 
Michigan—Plastics Sales Department PL1895D. 


YOU CAN DEPEND 
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planation for the action corrosion in- 
hibitors. Photographs, diagrams, micro- 
graph, radiograph.—BTR. 11974 


5.8.4 

Studies Amine-Type Corrosion In- 
hibitors. Rept. VIII. Secondary-Amine- 
Type Inhibitors Aqueous Solution. 
gineering, No. 85-89 (1956) April. 

Secondary-amine-type inhibitors, pre- 
pared reacting mol secondary-amine 
with mol corresponding acid elevated 
temperature, were tested. When fully dis- 
persed corrosive media, they can 
more rapidly adsorbed the metal sur- 
faces than primary-amine-type inhibitors 
described previous reports. severely 
corrosive media, better inhibition ob- 
tained with the secondary-amines. Among 
amine-type inhibitors the higher 
ones are more 12006 


INDUSTRIES 


8.4 Group 
8.4.3 

Corrosion Where You Find It. 
Paper before Natural 


Gasoline Assoc. America, Mtg., 
Fort Worth, April 11-13, 1956. Gas 
54, No. 50, 228-242 (1956) April 16. 
Corrosion detection and control 
gasoline plants are done water anal- 
yses, corrosion-rate coupons, 
non-destructive ultrasonic radiographic 
instruments which thickness 
and periodic visual inspections equip- 
ment. Discussion efficient proce- 
dure for corrosion detection from the 
economic viewpoint presented and 


attention 
corrosion engineers 


LAST 
Complete Stock 


for your 


Corrosion Test Requirements 


TEST SPOOL 
PARTS 


Monel Stainless Tefion 
Nuts Rods Plate Wire 
Insulators 


Certified alloy & plastic test specimens 


CORROSION TEST SUPPLIES CO. 
P.O. Box 4507, Audubon Station 
Baton Rouge, La. 


CORROSION 


corrosion survey typical gasoline 
12026 


8.4.3, 5.8.2 

Squeezing Inhibitor Into Formation. 
Mid-Continent Oil Co. Petroleum Engi- 
neer, 28, B29-34 (1956) May. 

Corrosion gas lift wells has been 
reduced squeezing inhibitors back 
into the formation. Treating costs 
the Placedo field Victoria County, 
Texas were cut 49.9% and treating eff- 
ciency was increased 16.9%. This method 
compared with batch treatment has 
been tested and studied and tables show- 
treatments corrosive wells are given 
along with interesting details results. 
pointed out that the method still 
the experimental state and consider- 
able care should taken doing 


squeeze job—VISCO. 12098 
8.5 Group 
8.5.4, 8.5.3 


Today’s Thinking Groundwood 
Mill Maintenance. Great 
Northern Paper Company. Paper Trade J., 
140, No. 15, 24-27 (1956) April 

Discusses methods and machinery used 
extraction fiber from wood. Stain- 
less steels are preferred machinery ma- 
terials because superior machining 
and wear and corrosion resistance prop- 
erties. Maintenance methods for all ma- 
chinery involved are discussed. Photos. 


—INCO. 12112 


8.9 Group 


8.9.3, 5.4.10 

Experience with Tape Coatings for 
Protection Distribution Piping. 
3ucK. Paper before Pacific Coast Gas 
Assn., Tech. Section Mtg., Santa Mon- 
ica, Feb. 28-29, 1956. Gas, 32, No. 92, 
94-95 (1956) April. 

Discussion covers the use 
tapes for field joints service piping. 
Application tapes training, joint 
preparation, primers, overwrap, handling 
and bonding described. Results in- 
vestigation showed that the product 
should long lasting, economically 
applied, moisture-, electrical-, mechani- 
applied with good bond.—INCO. 

11950 
8.9.4 


The Protection Metals Railway 
Electroplating Metal Finishing, No. 
77-81 (1956) March. 

Surface preparation accomplished 
acid pickling, grit blasting flame 
cleaning. Proprietary 
ments are used for inside surfaces all- 
steel welded passenger coaches, Alumi- 
num alloys Diesel cars are given 
chemical conversion coating etch 
primer and aluminum fittings are an- 
odized. Galvanizing track components 
and signalling equipment requires heavy 
bituminous protection tunnels. Chro- 
mium plating steel and brass car fit- 
tings not satisfactory. Metal spraying 
used for auxiliary signal equipment. 
Choice paint systems special 
problems encountered painting sta- 
tions, bridges, freight and passenger 
cars and structural steel work are con- 
11985 
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PROTECTIVE COATINGS 


BARRETT DIVISION, Allied Chemical 
Canada: The Barrett Company, 
5551 St. Hubert Street, Montreal, Que. 

OVER 100 YEARS OF EXPERIENCE 


This superior inhibitor saves you money replacement corroded pipes and pumps, prevents schedule-shattering downtime for frequent maintenance. 


Seal closed re-circulating systems against costly corrosion 
with durable protective film Columbia-Southern Sodium Chromate 


One the most effective, yet low-cost 
corrosion inhibitors for metallic sys- 
tems found yet! Columbia-Southern’s 
Sodium Chromate solving expensive 
corrosion problems today air con- 
ditioning equipment, refrigerating sys- 
tems, diesels, cooling towers, heat ex- 
changers, boilers, marine engines, hot 
water heating systems, automobiles, 
pumping and compressor stations. 
The durable protective film formed 
Columbia-Southern Sodium Chro- 


mate gives vulnerable inner pipe sur- 
faces chemical barrier against 
corrosion. Straightaways, joints and 
get equal protection. And this 
cient chromate present the solu- 
tion. Active chromate ions immediately 
rush seal any point the film 
scratched broken abrasion. 
Columbia-Southern’s quality- 
controlled Sodium Chromate pack- 
aged anhydrous powder 100 


bags and 200 Ib. fiber drums. Write 
our Pittsburgh address any 
our fourteen district offices for full 
use information. 


COLUMBIA-SOUTHERN 
CHEMICAL CORPORATION 


SUBSIDIARY PITTSBURGH PLATE GLASS COMPANY 


DISTRICT OFFICES: Cincinnati * Charlotte 
Chicago * Cleveland * Boston * New 
York © St. Louis © Minneapolis * New 
Orleans ¢ Philadelphia © Houston 
Pittsburgh Dallas San Francisco 
IN CANADA: Standard Chemical Limited 
and its Commercial Chemicals Division 
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practical current 


density limitation 
Dense homogeneous 


structure with 
moisture absorption 


Predictable low 
consumption rate 
Virtually chemically 
and galvanically inert 
Electrically stable with 
good conductivity 


Impressed Current 


cathodic protection 


THE DURIRON COMPANY, INC., DAYTON, OHIO 
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COAL 


The biggest mistake the one you see! 


experienced pipeline man, you’ll have little 
trouble spotting four obvious “errors” this 
picture*. But the biggest and most costly error you 
can make pipeline construction gamble 
unproven types pipeline protection. 
Sure, you can buy that will save you 
few first-cost dollars. But wait until you start pay- 
ing the bills for excessive cathodic protection! 

line after line, marshlands and mountains, 
tough, durable Pitt Chem Coal Tar Enamels have 
proved their superior ability resist soil stress and 
water absorption, the two pitfalls 
coatings. It’s the kind protection that gives you 
maximum insurance against high maintenance cost. 

When you specify Pitt Chem you get assured 


PITT BASE ENAMELS 


Standard Modified Grade 
Hotline 
Applied Tar Base Coatings 


PROTECTIVE COATINGS 


PLASTICIZERS 


quality, for Pitt Chem Coal Tar Enamels are manu- 
factured rigid, published specifications, from high- 
est grade materials. 

How can help you! Send the details your 
coating 


*Operating from left side ditch; man standing line; man 
ditch under line traveling machine; loop pole. 


WSW 6587 


ACTIVATED CARBON COKE CEMENT 
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